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The  following  researoh  was  undertaken  as  a  necessary  preface  to  an  investigation, 
which  we  are  at  present  engaged  upon,  into  the  localisation  of  motor  function  in  the 
cervical  enlargement  of  the  spinal  cord. 

Briefly  speaking,  the  experiments  from  which  the  following  conclusions  have  been 
drawn  consisted  in  an  elaborate  examination  of  the  movements  elicited  by  stimulating 
with  the  interrupted  induced  current  every  part  of  the  motor  cortex  in  the  Monkey, 
in  which  the  upper  limb  is  primarily  represented,  as  first  described  by  Professor 
Ferrier. 

Before  entering,  however,  on  a  detailed  description  of  the  present  research,  it  will  be 
necessary  to  discuss  shortly  the  anatomical  features  of  the  parts  of  the  cortex 
concerned. 

Anatomy. — A  glance  at  the  accompanying  diagram  of  the  external  or  convex  surface 
of  the  left  cerebral  hemisphere  of  the  Macacque  Monkey  shows  that  Ferrier's  motor 
region  is  bounded  inferiorly  by  the  fissure  of  Sylvius,  posteriorly  by  the  intra-parietal 
sulcus,  superiorly  by  the  margin  of  the  hemisphere,  and  anteriorly  by  a  narrow  strip 
of  grey  matter*  in  front  of  the  vertical  limb  of  the  prsecentral  sulcus,  and  also  by 
that  sulcus  itself.  The  central  point  of  this  area  is  the  middle  third  of  the  ascending 
frontal  convolution,  and  in  this  portion  of  the  cortex  and  around  it  we  have  the 
cortical  "  centre  "  for  the  movements  of  the  opposite  upper  limb. 

Before  enumerating  the  functions  of  this  portion  of  the  cortex  it  is  incumbent  upon 
us  to  draw  attention  to  certain  minute  characteristics  of  the  various  sulci  of  this 
region,  these  being  of  great  constancy,  and  therefore  of  primary  importance  in  aiding 
exact  localisation  of  function. 

*  By  this  is  meant  portions  of  the  bases  of  the  frontal  convolutions,  the  extent  of  which  can  be 
mapped  out  by  electrical  excitation. 
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Proceeding  from  the  best  known  of  these  to  those  which  hitherto  have  escaped 
especial  notice,  we  will  commence  with  the  fissure  of  Rolando. 

The  fissure  of  Rolando,  in  all  the  species  of  Monkey  on  which  we  have  experi- 
mented, runs  outwards,  forwards,  and  downwards,  forming  an  angle  of  50°  to  55°  with 
the  mesial  margin  of  the  hemisphere.  In  its  course  it  presents  the  following  changes 
of  shape,  which  in  our  experience  are  perfectly  constant.  Thus,  for  the  uppermost 
quarter  of  its  extent  it  presents  a  distinct,  though  slight,  curve  with  the  convexity 
forwards ;  in  the  next,  i.e.  the  second  quarter,  it  is  slightly  curved,  with  the  convexity 
in  the  opposite  direction,  viz.,  posteriorly  ;  and  this  curvature,  concave  anteriorly, 
runs  down  into  the  third  quarter,  in  which  part  of  its  course  the  fissure  presents  a 
well-marked  bend  forwards.  To  this  bend  we  would  now  direct  especial  attention,  for 
it  can  be  demonstrated  to  exist  perfectly  distinctly  in  Man  and  most  Monkeys. 
Further,  in  the  Monkeys  we  have  examined,  this  bend  is  situated,  as  we  have  already 
said,  in  the  third  quarter  of  the  fissure ;  its  apex  or  central  point  is  rounded,  and  is  just 
above  the  horizontal  level  of  the  lower  end  of  the  intra-parietal  sulcus,  while,  at  the 
same  time,  it  is  well  below  the  level  of  the  highest  point  of  the  praacentral  sulcus. 
From  the  apex  of  this  bend  the  fissure  of  Rolando  in  its  lowest  fourth  slopes  almost 
vertically  downwards  (vertically  signifying  at  right  angles  to  the  longitudinal  fissure) 
towards  the  Sylvian  fissure. 

The  prcecentral  sulcus  is  directed  upwards  and  distinctly  backwards  from  the  base 
of  the  ascending  frontal  convolution,  which  it  limits  anteriorly.  Just  before  it  reaches 
the  level  of  the  central  point  of  the  fissure  of  Rolando,  it  bifurcates  into  two  horizontal 
limbs ;  the  anterior  and  longer  runs  forwards,  being  slightly  curved  with  the  concavity 
downwards ;  the  posterior,  on  the  other  hand,  is  directed  upwards  as  well  as  back- 
wards, and  is  extremely  short,  very  rarely  exceeding  2  mm.  in  length.  The  main 
stem  of  the  sulcus  presents  a  double  curve,  the  upper  half  having  a  slight  convexity 
backwards,  while  the  lower  half  is  markedly  curved  forwards.  In  this  way  the 
ascending  frontal  convolution  is  most  narrow  opposite  the  posterior  superior  limb  of 
this  sulcus,  while  below  it  widens  broadly. 

Superior  Frontal  Sulcus. — In  December,  1883,  Professor  Schafer  published  in  the 
'  Journal  of  Physiology  '  an  account  of  the  brain  of  a  Macacque  Monkey,  which  was 
shown  by  Professor  Ferrier  at  the  International  Medical  Congress  in  London,  in 
which  account  he  drew  attention  to  the  existence  of  a  small,  but  definitely  marked, 
sulcus  on  the  upper  portion  of  the  frontal  lobe,  having  an  antero-posterior  direction, 
and  dividing  into  two  parts  the  surface  of  the  brain  between  the  upper  end  of  the 
prsecentral  sulcus  and  the  mesial  margin  of  the  hemisphere.  This  small  sulcus  lies 
just  behind  the  line  of  direction  upwards  of  the  vertical  stem  of  the  praBcentral  sulcus. 
Professor  Schafer  provisionally  named  this  sulcus  x. 

We  venture  to  think  that  this  small  sulcus  is  nothing  less  than  the  representative 
of  the  posterior  extremity  of  the  superior  frontal  sulcus  of  Man,  and  that,  therefore, 
the  portion  of  brain  above  it  must  be  looked  upon  as  the  first  or  superior  frontal  con- 
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volution,  and  that  that  part  which  lies  between  it  and  the  top  of  the  praecentral  sulcus 
is  certainly  the  second  or  middle  frontal  convolution.  Finally,  all  that  portion  of  the 
cortex  which  lies  below  the  anterior  horizontal  limb  of  the  praecentral  sulcus  must  at 
present  be  regarded  as  of  uncertain  denomination,  since,  for  several  reasons  which  need 
not  be  detailed  here,  the  upper  third  of  it  would  appear  to  belong  to  the  middle 
frontal  convolution,  while  there  can  be  little  doubt  that  the  lower  two-thirds  are 
homologous  with  the  third  or  inferior  frontal  convolution  of  Man.  We  will  now 
return  to  the  consideration  of  the  evidence  on  which  we  ground  the  opinion  that  x  is 
really  the  representative  of  the  posterior  extremity  of  the  superior  frontal  sulcus  in 
Man.    This  evidence  we  will  consider  under  the  following  headings  : — 

1.  Morphological  significance  as  an  important  sulcus. 

2.  Functional  significance  as  an  important  sulcus. 

3.  Anatomical  form  and  direction. 

4.  Value  as  a  determinant  of  localisation  of  function. 

1.  Morphological  Significance. — We  have  already  stated  that  Professor  Schafer 
had  previously  observed  the  constancy  of  this  small  sulcus,  which  opinion  is  fully  con- 
firmed by  our  experience.  He  has  further  shown  on  a  transverse  section  that  it  was 
marked  by  a  distinct  folding  in  of  grey  matter — the  sure  indication  of  an  important 
sulcus. 

2.  Functional  Significance. — We  have  found  that  if  electrodes  are  applied  to  the 
sulcus  itself  no  movement  follows,  whereas,  if  they  be  just  shifted  to  either  border,  the 
characteristic  effects  about  to  be  described  are  obtained.  Here  we  have  a  functional 
proof  that  this  sulcus,  although  small,  definitely  divides  two  portions  of  the  motor 
cortex.    These  portions,  we  shall  see  directly,  have  a  different  function. 

3.  Anatomical  Form  and  Direction. — With  one  exception,  we  have  found  that  the 
most  constant  direction  of  this  sulcus  is  antero-posterior,  though  frequently  it  is 
slightly  oblique.  The  exception  referred  to  was  found  in  a  pig-tailed  Monkey  (Macacus 
nemestrinus),  in  which  specimen  the  sulcus  was  almost  vertical,  and  consequently 
parallel,  to  the  fissure  of  Rolando.  Now  we  would  submit  that  we  have  here  faithful 
imitations  of  the  varieties  of  form  presented  by  the  superior  frontal  sulcus  in  Man. 
For,  as  is  well  known,  that  sulcus  is  most  frequently  a  more  or  less  straight  antero- 
posterior^ directed  line,  while  sometimes,  though  more  rarely,  it  resembles  a  miniature 
praecentral  sulcus  in  possessing  a  vertical  stem  parallel  to  the  fissure  of  Rolando, 
from  the  middle  of  which  there  runs  forwards  an  antero-posterior  limb.  If,  therefore, 
we  regard  this  sulcus,  x,  as  the  posterior  extremity  of  the  superior  frontal  sulcus,  its 
variations  in  form  will  be  most  easily  understood.  Finally,  we  would  observe  that  the 
superior  frontal  sulcus  in  Man  commences  posteriorly,  well  behind  the  line  of  the 
praecentral  sulcus,  directed  vertically  upwards  ;  in  fact,  it  begins  posteriorly  in  the 
middle  of  the  ascending  frontal  convolution.  It  is  just  this  first  part  of  the  superior 
frontal  sulcus  which,  lying  over  the  anterior  half  of  the  breadth  of  the  ascending 
frontal  convolution,  forms  the  sulcus,  x,  of  the  Monkey's  brain. 

x  2 
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4.  Value  as  a  Determinant  of  Localisation  of  Function. — We  do  not  intend  here  to 
dwell  on  this  point,  because  its  full  importance  will  be  seen  in  the  subsequent  descrip- 
tion of  our  experimental  results  obtained  by  stimulation,  but  we  will  anticipate  so  far 
as  to  say  that  this  sulcus  enjoys  the  distinction  of  separating  the  seat  of  the  primary 
representation  of  the  upper  limb  from  that  of  the  lower,  a  distinction  which,  it  need 
hardly  be  added,  is  of  the  first  importance. 

Thus  we  have  been  led  to  designate  this  sulcus,  x,  by  the  more  definite  term  of 
superior  frontal  sulcus,  and  we  trust  that  the  above  evidence  will  be  accepted  as 
tending  to  establish  this  position. 

The  Intra-parietal  Sulcus. — There  is  one  variation  in  the  form  of  this  sulcus  which 
we  will  notice,  not  merely  because,  so  far  as  we  know,  it  has  not  been  described  before, 
but  also  because  it  alters  slightly  the  localisation  of  certain  movements  of  the  digits. 
This  variation  simply  consists  in  a  bending  horizontally  forwards  of  the  lower  end  of 
the  sulcus  towards  the  fissure  of  Rolando,  from  which,  in  extreme  cases,  it  is  some- 
times separated  by  only  3  mm.  of  surface  of  grey  matter.  This  is  particularly  marked 
in  the  pig-tailed  Monkey  (Macacus  nemestrinus).  We  shall  refer  to  this  point 
further. 

Ascending  Parietal  Convolution. — We  would  draw  attention  to  the  fact  that  the 
upper  end  of  this  convolution — in  other  words,  that  part  which  represents  in  Man  the 
parietal  lobule — is  invariably  subdivided  vertically  by  a  subordinate  sulcus,  which  is 
situated  at  the  junction  of  the  anterior  and  middle  thirds  of  the  convolution  and  runs 
down  parallel  to  the  fissure  of  Rolando.  The  lower  end  of  this  subordinate  sulcus 
extends  most  frequently  to  the  level  of  x,  the  upper  end  always  being  separated  from 
the  margin  of  the  hemisphere  by  a  few  millimetres  of  cortex. 

With  the  foregoing  observations  we  conclude  the  anatomical  description  of  the  part 
under  consideration. 

Previous  Researches  in  the  same  Direction. 

We  will  now  describe  the  results  obtained  by  Professor  Ferrier  on  stimulating 
the  same  region,  quoting  verbatim  from  his  '  Functions  of  the  Brain,'  1st  edition,  1876. 

From  the  account  there  given  we  have  drawn  up  the  following  Table,  showing  the 
relation  between  his  nomenclature  of  centres  stimulated  and  ours,  and  in  the  third 
column  the  results  he  obtained. 

We  find,  however,  that  the  area  of  cortex  in  which  the  upper  limb  is  represented 
extends  a  little  further  towards  the  fissure  of  Sylvius  than  he  has  indicated ;  it  is 
difficult  also  to  make  out  the  exact  position  of  our  centres  2  and  2'  in  relation  to  his, 
but  perhaps  we  may  include  them  in  his  centre  6. 

With  these  trifling  differences,  it  will  be  seen  that  the  broad  facts  in  our  account 
are  practically  identical  with  his,  all  minuteness  of  detail  contained  in  the  following 
pages  being  of  course  superadded  by  us. 
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Table  1. 


Fcbrieb's  Centre. 

Authors'  Centre. 

I'V HI! inn's  PeBult. 

3 
4 

0 

a 
b 

0 

d 

12,  1' 

1 

9 

(?)  11  • 

q 

3' 
4 
4' 
7 

7'  • 

8 

behind  8' 

Movements  of  the  tail,  generally  associated 
with  complex  movements  of  thigh,  leg,  and 
foot,  with  adapted  movements  of  the  trunk 
by  which  the  foot  is  drawn  to  the  middle 
line  of  the  body,  as  when  the  animal  grasps 
with  its  foot  or  scratches  its  chest  and 
abdomen. 

Retraction,  with  adduction  of  opposite  arm, 

palm  of  hand  being  directed  backwards. 

This  action  ...  is  such  as  maybe  ascribed 

to  the  latissimus  dorsi. 
Supination,  flexion  of  forearm  by  which  the 

hand  is  raised  to  the  face. 

Individual  and  combined  movements  of  the 
fingers  and  wrist,  ending  in  clenching  the 
fist.  Centres  for  the  extensors  and  flexors 
of  individual  digits  could  not  be  differen- 
tiated, but  the  prehensile  movements  of  the 
opposite  hand  are  evidently  centralised  here. 

We  will  now  proceed  to  describe  our  method  of  experimentation,  the  results  in  full 
detail,  and  the  generalisations  which  can  be  deduced  therefrom. 

Method  of  Experimentation. — The  animal  being  thoroughly  anaesthetised  with 
ether,  the  left  cortex  was  exposed  lege  artis,  and  the  dura  mater  raised.  A  careful 
drawing  was  then  made  of  the  arrangement  of  the  sulci,  upon  which  was  represented 
the  position  of  the  various  points  stimulated.  The  cortex,  after  being  carefully  dried 
to  pi^event  diffusion  of  the  current,  was  excited  as  follows.  The  apparatus  employed 
was  one  Daniell  cell  and  an  ordinary  du  Bois-Reymond  coil,  but  no  attempt  was 
made  to  equalise  the  make-and-break  shock  by  means  of  a  Helmholtz  wire.  The  elec- 
trodes were  the  ordinary  platinum  pattern,  and  were  2  mm.  apart.  The  coil  consisted 
of  a  primary  bobbin  wound  round  an  iron  core,  with  secondary  bobbin  sliding  on  a 
sledge  over  it,  the  distance  between  them  being  registered  in  centimetres,  so  that 
the  strongest  current  would  be  at  zero  when  the  secondary  coil  completely  covered 
the  primary  one.  The  primary  current  was  interrupted  by  means  of  an  ordinary 
Neef's  hammer,  and  the  secondary  currents  with  this  arrangement  were  of  a  strength 
sufficient  to  produce  the  sensation  of  slight  pricking  on  the  human  tongue  when  the 
secondary  coil  was  at  8,  i.e.,  8  cm.  from  the  primary.  This  very  weak  secondary 
current*  was  always  employed  so  as  to  obviate  the  fallacy  of  diffusion.  That  this 
object  was  attained  was  obvious,  for,  if  a  certain  movement  was  always  obtained  at 
one  place,  shifting  the  position  of  the  electrodes  for  even  one  millimetre  was  sufficient 
to  produce  a  totally  different  result. 

*  This  was  the  weakest  current  which  would  produce  a  contraction  in  the  muscles. 
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Since  in  all  the  brains  we  have  experimented  upon  the  positions  of  the  principal 
sulci  were  perfectly  constant,  we  regarded  them  as  definite  landmarks  by  which  we 
could  accurately  ascertain  in  different  brains  the  position  of  each  centre. 

Thus,  commencing  above  in  the  ascending  frontal  convolution,  we  took  as  our  first 
landmark  the  sulcus  x,  and  in  the  horizontal  line  behind  it  we  placed  our  two  first 
centres,  1  and  1'  (these  to  be  explained  directly,  see  fig.  1),  and  then  placed  opposite 
the  level  of  the  upper  end  of  the  praecentral  sulcus  the  centres  3,  3'.  Dividing  the 
interval  between  these  points  (which  in  the  average  brain  of  the  animals  we  employed, 
i.e.,  nine  out  of  the  ten  experiments,  was  1  cm.  in  length)  into  two  equal  parts,  we 
designated  the  point  of  division  by  the  ciphers  2  and  2'.  Below  3  and  3'  we  placed 
4,  4'  and  5,  5'  at  distances  equal  to  that  between  2,  2'  and  3,  3'. 

(The  distance  between  the  electrodes  was  2  millimetres,  and  they  were  applied 
parallel  to  the  longitudinal  fissure  at  the  points  designated  by  the  figures  described 
above.  These  points  or  centres  were  about  4  mm.  apart.  Thus  a  considerable 
interval  was  left  between  the  centres,  which  we  explored  in  the  same  way,  but  we 
have  not  deemed  it  necessary  to  give  the  results  of  exciting  the  cortex  at  these 
intervals,  since  in  every  case  they  simply  corroborated  the  effects  obtained  by  stimu- 
lating the  parts  bounding  them.) 

We  further  found  that  the  ascending  frontal  and  middle-frontal  gyri  were  so  broad 
as  to  necessitate  a  vertical  subdivision.  To  meet  this  contingency,  we  employ  the 
plain  figures  for  the  centres  of  the  posterior  half,  and  figures  dashed  thus,  1',  for  the 
anterior  half;  both,  of  course,  being  on  the  same  horizontal  level. 

On  reference  to  Table  3  it  will  be  seen  that,  with  the  exception  of  the  fingers  and 
thumb,  the  absolute  number  of  times  that  any  movement  is  produced  is  much  less  in 
the  ascending  parietal  than  the  ascending  frontal  convolutions,  and  further  that  the 
representation  of  even  the  thumb  and  index  decreases  as  the  gyrus  is  explored  from 
below  upwards. 

From  our  experiments  it  appears  to  us  that  the  ascending  parietal  convolution  has 
less  claim  than  the  ascending  frontal  to  be  considered  as  an  area  of  extensive  represen- 
tation of  movement.  We  have  been  so  impressed  with  the  importance  of  deciding  this 
fact  that  we  have  usually  explored  the  former  gyrus  with  the  current  directly  after  the 
skull  has  been  removed,  and  subsequently  repeated  our  examination  of  it  at  various 
intervals  during  the  experiment,  so  as  to  eliminate  any  error  in  the  direction  of  loss  of 
excitability  of  the  cortex  of  this  gyrus. 

We  would  call  attention  to  the  extraordinary  degree  of  symmetry  which  exists  in 
all  the  Monkeys  on  which  we  have  experimented,  and  also  that  this  is  not  merely 
morphological,  but  also  physiological.  Although  this  is  a  matter  of  great  interest,  we 
cannot  enter  into  it  in  further  detail. 

Before  giving  the  detailed  results  of  our  work,  we  would  lay  down  the  following 
axioms  founded  on  our  experiments. 

Axiom  1. — Viewing  as  a  whole  the  "motor  area"  of  the  cerebral  cortex  for  the 
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upper  limb,  as  defined  by  Professor  Ferrier,  we  find  that  the  regions  for  the  action 
of  the  larger  joints  are  situated  at  the  upper  part  of  that  area,  close  to  the  middle  line, 
while  those  for  the  smaller  and  more  differentiated  movements  lie  peripherally  at  the 
lower  part  of  the  area. 

Axiom  2. — As  a  general  rule,  extension  of  all  the  joints,  particularly  of  the  wrist 
and  elbow,  is  the  most  characteristic  movement  of  the  upper  part  of  Ferrier's  arm 
centre  ;  while  flexion  is  equally  characteristic  of  the  movements  obtained  by  stimu- 
lating the  lower  part.  Finally,  between  these  two  regions  there  is  a  small  portion 
where  alternate  flexion  and  extension  predominate,  a  condition  to  which  we  have  given 
the  name  of  confusion* 

We  shall  now  proceed  to  give  by  means  of  tables  the  details  of  the  experiments 
upon  which  the  foregoing  axioms  are  based. 

In  the  following  Table  2  we  give  general  conclusions  respecting  the  different  move- 
ments of  each  joint  obtained  by  stimulating  the  upper  and  lower  half  of  the  above- 
mentioned  area. 

Table  2. 

Upper  part  of  Area.  Lower  part  of  Area. 

Shoulder. — Advancing.  Adduction  (nil  in  lower  |) . 

Elbow. — Extension  (uppermost  \).  Confusion        Flexion  (remaining  f ). 
(second  \). 

Wrist. — (1)  Pronation  (upper  i).  Supination  (lower  f). 

,,       (2)  Extension.  Extension  (flexion  at  end  of  action). 

Posterior  part  of  Area.  Anterior  part  of  Area, 

Digits.— Flexion.  Extension. 
Thumb—  Flexion  (nil  in  upper  |).  Flexion-Extension. 

Expansion  of  the  foregoing  Table  (compare  Table  2). 

Shoulder. — In  the  above  Table  it  will  be  noticed  that  rotation  of  the  shoulder  does 
not  appear  ;  this  movement,  though  frequently  observed,  is  but  one  of  association. 
Rotation  out  occurs  as  the  result  of  stimulating  the  lower  three-fourths  of  the  area, 
at  least  of  that  part  which  lies  in  front  of  the  fissure  of  Rolando.  In  almost  every 
case  this  rotation  outwards  was  accompanied  by  flexion  of  the  shoulder,  so  that  the 
elbow  was  brought  forward  as  well  as  rotated  outwards. 

Pure  abduction  was  practically  never  seen  by  us,  but  it  entered  into  the  composi- 
tion of  the  advancing  movement,  which  we  have  shown  to  be  characteristic  of  the 
upper  fourth  of  the  area.  It  will  thus  be  seen  that  the  movement  of  the  shoulder, 
which  we  have  called  advancing  of  the  arm,  is  neither  pure  flexion  nor  pure  abduction, 
but  a  combination  of  these  two. 

Adduction  is  strongly  characteristic  of  the  movement  of  the  shoulder  in  the  lower 

*  Here  both  flexors  and  extensors  are  contracting  at  the  same  time,  and  consequently  the  joint  is 
usually  fixed  in  a  median  position,  each  group  of  muscles  alternately  dragging  it  in  opposite  directions. 
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half  of  the  area.  Indeed,  a  glance  at  Table  3  will  show  that  it  is  almost  the  only 
movement  in  the  lower  third  of  the  area,  in  which  portion  of  the  cortex,  too,  the  joint 
is  very  feebly  represented,  movement  of  it  only  being  met  with  once  in  ten  times  on 
stimulating  the  centre  5'.    (See  fig.  2  and  Table  3.) 

Adduction  is  the  characteristic  movement  of  the  shoulder  "  centres "  in  the 
ascending  parietal  gyrus.  Retraction  (i.e.,  extension  with  rotation  out  and  some 
adduction)  is  especially  represented  in  the  anterior  half  of  the  upper  third  of  the 
ascending  parietal  gyrus  in  the  centres  marked  9  and  11.    (See  Table  3.) 

Circumduction  was  never  seen. 

Elbow. — We  need  only  draw  especial  attention  to  the  remarkably  exact  manner  in 
which  representation  of  extension  of  the  elbow  is  limited  to  the  upper  fifth  of  the  area 
experimented  on,  while  flexion  is  equally  the  function  of  the  lower  three-fifths  ;  and  to 
the  existence  of  a  very  important  zone  of  cortex,  where  the  phenomenon  of  confusion 
is  represented,  this  forming  a  border-land  between  the  regions  of  extension  and 
flexion.  The  explanation  of  this  zone  of  confusion  is  easy,  since  the  representation  of 
the  elbow — the  movements  of  which  occur  in  only  one  plane-^-admits  necessarily  of 
closely  limited  localisation.    (See  Table  3  and  fig.  3.) 

Wrist— \n  tabulating  the  movements  of  this  joint,  it  was  obviously  necessary  to 
separate  its  two  distinct  functions,  viz.,  pronation  and  supination,  on  the  one  hand, 
and  flexion  and  extension  on  the  other.  We  will  first  discuss  the  latter  function,  as 
by  far  the  more  important.  On  Table  3  it  is  seen  how  extremely  constant  is  the 
movement  of  extension,  and  a  moment's  consideration  will  show  that  it  is  of  funda- 
mental importance,  for  it  is  clear  that  the  delicate  movements  of  the  fingers  could  not 
possibly  be  performed  with  any  degree  of  accuracy  and  force  unless  the  wrist  be 
previously  fixed  in  moderate  extension,  and  consideration  of  this  fact  also  explains  why 
the  wrist  is  especially  provided  with  powerful  extensor  muscles  which  act  with  con- 
siderable independence.    (See  fig.  4.) 

In  returning  to  the  first-mentioned  movements  of  the  wrist,  viz.,  pronation  and 
supination,  we  have  only  to  add  that,  as  might  be  expected,  supination  is  most 
marked  in  the  lower  two-thirds  of  the  area,  since  it  is  here  that  we  have  also  flexion 
of  the  elbow,  i.e.,  bicipital  action.  The  converse  equally  holds,  viz.,  that  pronation  is 
associated  with  extension  of  the  elbow.  This  association  is  clearly  the  outcome  of  the 
two  great  classes  of  action  in  animal  life,  viz.,  that  of  defence  and  that  of  feeding. 
The  former  of  these  is  a  coarse  violent  movement,  and  is  naturally  associated  in  the 
upper  part  of  the  region  with  the  centres  for  the  large  trunk  and  leg  muscles,  while 
the  latter,  more  delicate,  is  represented  near  to  the  centres  for  the  face  and  mouth.* 
(See  Table  2.) 

Digits. — The  representation  of  the  fingers  must  be  considered  apart  from  that  of 
the  thumb,  the  movements  of  which  are  the  most  highly  specialized  in  the  limb. 

*  Similar  ideas  have  been  previously  suggested  by  Dr.  Lauder  Bku^TON,  F.R.S.  See  Brain,'  vol.  4, 
p.  431. 
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We  would  first  draw  attention  (see  fig.  5)  to  the  fact  that  the  movement  of  simple 
extension  is  alone  represented  in  the  posterior  extremity  of  the  middle  frontal 
convolution  (according  to  our  view),  viz.,  at  centres  12,  1.3,  12',  and  13'  (see  Table  3 
and  fig.  5).  It  will  be  observed  on  Table  3  that  in  three  instances  we  noted 
interosseal  flexion  in,  this  region.  Discussion  of  the  relation  between  interosseal 
flexion  and  extension  of  the  digits  we  shall  enter  into  further  on. 

As  regards  the  movement  of  flexion,  we  find  that  it  is  represented  over  the  whole 
of  the  area  which  has  been  the  subject  of  ouv  investigations,  with  the  exception  of 
the  centres  above  mentioned,  viz.,  12,  13,  12',  and  13'.  We  have  now  to  draw 
attention  to  some  extremely  important  considerations  concerning  the  relative  repre- 
sentation of  the  movements  of  flexion  and  extension.  We  have  just  seen  that  pure 
extension  was  limited  to  certain  centres  ;  we' have  now  to  add  that  we  have  only  seen 
pure  flexion  at  centres  1,  1',  4,  and  4'.  We  are  not  inclined  to  lay  much  stress  on 
this  limitation  of  the  representation  of  the  movements  of  pure  flexion  and  extension, 
but  we  note  the  foregoing  facts  for  the  purpose  of  recording  them. 

We  will  now  consider  what  appears  to  us  the  much  more  important  co-operation  of 
these  two  movements  of  flexion  and  extension  of  the  digits.  On  this  point  we  have 
obtained  the  exceedingly  definite  result  that  both  movements  are  represented  in  the 
middle  ^  of  the  ascending  frontal  and  parietal  convolutions,  and  that,  while  in  the 
ascending  frontal  convolution  extension  precedes  flexion,  in  the  ascending  parietal 
convolution  this  order  is  reversed,  and  so  extension  follows  flexion.  In  view  of  the 
fact  that  pure  extension  is  only  represented  in  12,  12',  13,  and  13',  i.e.,  in  those 
centres  which  are  immediately  in  front  of  the  middle  of  the  ascending  frontal 
convolution,  we  readily  understand  how  it  comes  about  that  in  the  ascending  frontal 
extension  'precedes  flexion,  whereas  behind  the  fissure  of  Rolando  it  folloivs  flexion. 
We  have  observed  interosseal  flexion  to  precede  long  flexion  in  three  cases,  and  only 
in  the  centres  8',  2,  2',  12,  and  3.  It  is  obviously  possible  that  this  interosseal  flexion 
of  the  digits,  consisting  of  flexion  of  the  metacarpo-phalangeal  joints  and  extension 
of  the  phalangeal  joints,  should  co-exist  in  perfect  harmony  with  long  extension  of  the 
digits.  It  must  not  be  understood  that  in  all  the  remaining  cases  interosseal  exten- 
sion of  the  phalanges  leads  the  way  for  the  action  of  the  long  extensors ;  indeed,  in 
many  instances  it  appeared  to  us  that  preliminary  extension  of  the  digits  was  so 
sharp  and  complete  as  to  be  explained  only  by  rapid  and  perfect  action  of  the  long 
muscles.  We  must  add,  however,  that,  although  this  preliminary  extension  of  the 
fingers  was  extremely  well  marked,  it  was  of  very  brief  duration,  whereas  the 
subsequent  flexion  was  very  powerful,  and  was  maintained  as  long  as  the  electrodes 
were  applied  to  the  cortex. 

Although  we  have  thus  written  at  some  length  on  the  relation  between  flexion  and 
extension  of  the  digits,  we  do  not  consider  that  the  results  were  sufficiently  absolute 
to  permit  of  our  speaking  dogmatically,  and  we  hope  that  further  research  will 
ultimately  solve  this  problem. 

MDCCCLXXXVir. — B.  Y 
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Thumb. — The  limitation  of  the  representation  of  the  thumb  in  the  cortex  (see 
fig.  6)  is  a  matter  of  great  interest,  considering  that  it  is  the  most  highly  differen- 
tiated member  of  the  body.  The  representation  is  limited  to  the  ascending  frontal 
and  parietal  convolutions.    No  movement  could  be  elicited  by  stimulating  the  centres 

1,  1',  5,  and  11  ;  to  these  we  must  add  2  and  2',  as  being  centres  in  which  the  thumb 
was  only  exceptionally  represented,  i.e.,  in  one-third  of  the  total  number  of  cases  for 

2,  and  one-fifth  for  2'.  It  is  interesting  to  observe  that  the  thumb  obeys  the  same 
general  rules  respecting  the  relations  of  the  movements  of  flexion  and  extension  as  do 
the  digits  ;  thus  extension  precedes  flexion  in  the  ascending  frontal  and  follows 
flexion  in  the  ascending  parietal.  The  movement  of  opposition,  which  is,  of  course, 
the  most  highly  differentiated  one,  was  only  obtained  on  stimulating  the  lowest  part  of 
the  thumb  area,  viz.,  the  centres  7  and  5' ;  this  is  in  perfect  harmony  with  the  general 
plan  of  representation,  as  we  have  found  it  to  exist  in  the  outer  convex  surface  of  the 
cortex.    (See  Axioms  1  and  2.) 

We  may  here  refer  to  the  fact  that  in  5',  in  the  ascending  frontal  gyrus,  we  obtained 
in  two  cases  abduction  of  the  thumb,  whereas  adduction  was  present  in  two  cases  in 
centre  7  in  the  ascending  parietal ;  this  is  a  further  illustration  of  the  fact  that 
extension  is  represented  in  the  ascending  frontal,  and  flexion  in  the  ascending  parietal 
convolutions. 

Before  leaving  the  consideration  of  the  representation  of  the  thumb,  we  would 
briefly  draw  attention  to  the  fact  that  the  representation  of  the  thumb  extends  lower 
down  anteriorly,  i.e.,  just  behind  the  prsecentral  sulcus,  than  that  of  any  other  part 
of  the  upper  limb.  Thus  it  is  represented  at  centre  5',  but  not  in  centre  5,  &c. 
(See  Table  3.) 

We  employ  throughout  our  paper  this  expression — Primary  Movement — in  a  very 
definite  sense,  namely,  to  express  that  movement  which  is  represented  above  all 
others  at  one  particular  spot  in  the  cortex.  This  use  of  the  expression  is  in  harmony 
with  Dr.  Hhghlings  Jackson's  view,  viz.,  that  cerebral  localisation  is  in  the  main  a 
matter  of  degree  of  representation  of  several  movements,  and  not  the  close  limitation 
of  any  one.  We  were  brought  to  the  necessity  of  closely  examining  this  point,  not 
from  the  considerations  of  theories,  but  by  observing  with  what  remarkable  constancy 
the  various  joints  of  the  limb  took  up  movement  in  series  according  to  the  part  of 
the  cortex  stimulated,  and  how  invariably  one  joint  would  commence  the  action  when 
we  adopted  a  method  of  excitation  which  we  may  call  instantaneous  or  minimal 
stimulation. 

Priority  in  the  Order  of  Movements.    (See  fig.  7.) 

We  may  now  return  with  advantage  to  a  detailed  consideration  of  Axiom  1,  viz., 
that  the  larger  muscles  are  represented  in  the  upper  part  of  the  motor  area  for  the 
upper  limb,  while  the  smaller  ones  have  their  centres  in  the  lower  part  of  that  area. 
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It  seemed  to  us  highly  important,  as  bearing  on  this  point,  to  note  the  order  of 
movement  of  the  different  segments  of  the  limb, — in  fact,  the  "  march,"  as  it  has  been 
termed  by  Dr.  Hughlings  Jackson,  of  the  nerve  discharge, — since  we  consider  that 
a  complete  series  of  observations  of  this  kind  would  enable  us  to  construct  a  definite 
scheme  which  would, show  at  a  glance  where  certain  primary  movements  are  really 
centralised. 

By  this  we  mean  that  we  applied  the  electrodes  to  the  cortex  just  long  enough  to 
evoke  movement  in  one  joint  only,  and  then  noted  which  moved  first,  and  in  what 
direction.  This  first  movement  we  considered  to  be  the  primary  or  fundamental 
movement  in  the  given  portion  of  cortex  stimulated.  (The  current  employed  in  every 
case  was  only  just  adequate  to  produce  such  movement,  and  the  secondary  coil 
was  usually  10  cm.  distant  from  the  primary  coil.) 

On  fig.  8  is  exhibited  that  joint  in  which  primary  movement  occurs  in  each 
portion  of  the  area. 

In  taking  each  joint  separately,  it  is  found  that  the  shoulder  presents  priority  of 
movement  in  the  centres  1,  1',  11  ;  while  the  wrist  is  the  first  to  move  when  we 
stimulate  the  centres  2,  2',  12,  13,  3'.  It  is  important  to  notice  that  the  elbow  does 
not  present  any  absolute  priority  of  movement  over  the  other  joints,  for  its  only 
approach  to  priority  is  seen  at  centres  8,  8',  and  9,  where  it  is  associated  with,  and 
shares  this  action  synchronously  with,  other  joints,  viz.,  the  thumb  and  wrist.  With 
regard  to  the  fingers  alone,  the  same  thing  is  to  be  observed,  viz.,  that  they  are  not 
represented  in  primary  movement  in  the  cortex,  and  indeed  are  only  associated  once 
with  a  true  primary  movement,  viz.,  in  centre  12.  Starting  now  with  the  series  of 
joints  moved  as  represented  schematically  in  fig.  8,  we  will  take  up  the  order  in  which 
the  other  joints  of  the  limb  are  secondarily  moved. 

Tabulating  these  joints  in  the  order  of  centres  stimulated,  we  have  the  following 
list :— 
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Ascond.  Frontal 
Convolution. 

Centre. 


I'. 

2. 

2'. 

3. 

3'. 

4. 

4.  ' 

5.  ' 


Ascend.  Parietal 
Convolution. 

11. 


9. 


8'. 


r. 

7. 

Middle  Frontal 
Convolution. 

12. 

13. 


Shoulder 


Shoulder,  elbow  { 


Order  of  Joints  moved. 
'  elbow, 
■  wrist, 
.fingers. 

wrist, 
lgers. 

Wrist,  ringers,  elbow,  shoulder. 

Wrist  jfil^eis  1  shoulder, 
[elbow  J 

Thumb,  fingers,  wrist,  elbow,  shoulder. 

Wrist  Jtkuimt)  1  elbow,  shoulder, 
[fingers  J 

Thumb,  wrist,  fingers,  elbow,  shoulder  (4). 
Thumb  jfinj^rs  j  elbow,  shoulder  (2). 


1  wrist 

Thumb,  fingers,  elbow  \  ""a"r/' 

6  L  shoulder  (1). 


{  T 


Shoulder  j^j^j  fingers. 

fingers,  wrist,  shoulder, 
shoulder  1 


Thumb 
Elbow 

C  thumb 
<  wrist 

[_  elbow 

J  thumb". 
1  elbow 
Thumb,  elbow,  shoulder  (1). 
Thumb,  fingers,  wrist,  elbow  (1) 


fingers  J 
fingers,  wrist. 


Wrist 


elbow 


Fingers  ]  shoulder  } 
Wrist,  fingers,  elbow,  shoulder. 


The  figures  in  parentheses  show  the  greatest  number  of  times  out  of  a  total  of  10  in  which  a  move- 
ment in  the  joint  was  produced. 
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As  is  shown  in  this  Table,  the  sequence  in  the  movement  of  the  joints  is  funda- 
mentally similar  to  that  which  had  been  arrived  at  from  clinical  observation  by  Dr. 
Hughlings  Jackson  in  cases  of  epilepsy,  in  which  he  had  recorded  the  "  march  "  of 
the  movements  of  the  joints. 

As  all  the  facts  which  we  have  accumulated  on  the  subject  of  the  primary  repre- 
sentation of  movement  of  joints  and  the  representation  of  secondary,  &c,  movements 
are  collated  in  a  very  demonstrative  manner  in  the  accompanying  figs.  7  and  8,  a 
detailed  description  is  hardly  called  for,  but  we  cannot  leave  this  pathologically  very 
important  subject  without  dwelling  for  a  moment  on  some  of  the  more  salient  features 
of  our  results. 

We  have  already  pointed  out  on  page  163  why  the  shoulder,  wrist,  and  thumb  are 
the  joints,  par  excellence,  in  which  primary  movement  takes  place. 

We  will  now,  therefore,  discuss  the  march,  i.e.,  the  order  in  which  the  movements  of 
the  various  joints  follow  each  other  after  the  primary  movement.  The  first  and  most 
fundamental  fact  concerning  the  successive  invasion  of  the  various  joints  has  already 
been  determined  by  Dr.  Hughlings  Jackson,  viz.,  that  when  a  movement  emanating 
from  the  cortex,  e.g.,  of  the  upper  limb,  begins  in  the  shoidder  it  proceeds  downwards, 
involving  successively  the  elbow,  wrist,  and  fingers ;  and  inversely,  when  it  begins  in 
the  thumb  and  fingers,  the  "  march "  proceeds  up  the  limb.  We  are  here  referring 
to  movements  presenting  the  characters  of  deliberate  purpose,  "  voluntary "  efforts, 
which  also  can  be  evoked  by  electric  stimulation  of  the  cortex,  besides  being  exhibited 
in  convulsive  and  epileptiform  seizures.  The  observation  of  these  movements  as 
produced  in  our  experiments  has  enabled  us  to  form  certain  definite  generalisations 
concerning  the  order  of  their  march.  Among  these  generalisations,  the  following 
appear  to  us  to  be  the  most  important. 

1.  Movement  of  the  upper  limb,  commencing  with  the  shoulder,  is  not  completed  by 
a  movement  of  the  thumb  ;  and,  while  this  result  is  obtained  at  the  extreme  upper 
limit  of  the  area,  on  the  other  hand,  we  have  the  exact  converse  at  the  lowest  limit, 
viz.,  movement  of  the  limb,  commencing  in  the  thumb,  and  ultimately  involving  the 
elbow,  which  is  not  completed  by  movement  of  the  shoulder.  In  fig.  8  is  shown 
diagrammatically  the  order  of  the  march  of  movements  occurring  at  each  point  in  the 
area  for  the  upper  limb. 

2.  We  wish  next  to  point  out  the  very  remarkable  constancy  in  the  order  of 
march  in  the  centres  2,  2',  13  (fig.  8).  Here  we  are  dealing  with  the  very  nucleus  of 
the  upper  limb  area,  i.e.,  that  part  of  it  in  which  the  most  frequent  and  most  ordinary 
movement  of  the  limb  is  represented,  viz.,  preliminary  fixation  of  wrist  in  extension, 
intended,  as  we  think.,  for  the  purpose  of  permitting  accurate  movement  of  the  digits ; 
following  this,  flexion  of  the  digits;  next  flexion  of  the  elbow  and  subsequent  adduction 
and  rotation  out  of  the  shoulder,  producing  the  complex  movement  which  has  been  popu- 
larly styled  the  hand-to-mouth  action,  and  which  is  unquestionably  one  of  the  most 
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important  of  the  limh.  The  remarkable  way  in  which  this  movement  is  represented 
in  a  nearly  horizontal  line  on  the  cortex  must  not  be  overlooked. 

Finally,  fig.  8  illustrates  most  clearly  how  the  mode  of  march  is  in  harmony 
with  the  representation  of  primary  movements  in  the  various  points  in  the  area.  Thus 
the  movements  consequential  to  the  first  movement  obey  the  law  we  have  already 
dwelt  upon,  viz.,  that  the  joints  are  represented  from  above  down  in  the  area,  in  the 
order  of  shoulder,  elbow,  wrist,  digits,  and  thumb.  The  truth  of  this  statement  is 
rendered  very  evident  when  fig.  7  is  compared  with  fig,  8. 

To  summarise  briefly  the  facts  contained  in  the  foregoing  pages,  we  consider : — 

1.  That  sulcus  x  (Schafeb)  corresponds  to  the  superior  frontal  sulcus  of  Man. 

2.  That  the  muscles  of  the  upper  limb  are  progressively  represented  from  above 
downwards,  in  the  outer  or  convex  surface  of  the  hemisphere,  in  the  order  of  their 
size  and  the  movements  of  the  joints :  in  the  order  of  shoulder,  elbow,  wrist,  finger, 
thumb. 

3.  That  the  joints  are  moved  in  the  order  of  shoulder,  elbow,  wrist,  and  hand 
when  the  highest  part  of  the  area  is  stimulated,  and  in  the  converse  order — thumb, 
fingers,  wrist,  elbow,  shoulder — when  the  lowest  part  is  excited,  whilst  between  these 
extreme  points  the  sequence  of  movement  is  commenced  by  a  middle  joint,  i.e.,  the 
elbow  (incompletely),  in  the  ascending  parietal  convolution,  and  the  wrist  to  a  very 
large  extent  in  the  ascending  frontal. 

4.  That  with  regard  to  the  quality  of  movements  of  the  different  joints  repre- 
sented in  the  cortex,  the  shoulder  presents  the  following  sequence  from  above  down  : 
advancing,  abduction,  rotation  out,  adduction;  the  elbow :  extension,  confusion,  flexion; 
the  wrist :  extension,  flexion,  and  pronation,  confusion,  supination.  In  the  fingers  and 
thumb  the  sequence  is  altered,  and  we  have,  broadly,  extension  anteriorly  and  flexion 
posteriorly.    (For  details  refer  to  diagrams.) 

5.  That  there  is  no  absolute  line  of  demarcation  between  the  area  of  localisation  in 
the  cortex  of  one  movement  and  that  of  another ;  each  movement  having  a  centre  of 
maximum  representation,  this  gradually  shading  off  into  the  surrounding  cortex. 
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IX.  A  further  Minute  Analysis  by  Electric  Stimulation  of  the  so-called  Motor  Region 
of  the  Cortex  Cerebri  in  the  Monkey  (Macacus  sinicus).* 

By  Charles  E.  Beevor,  M.I).,  F.R.C.P.,  and  Victor  Horsley,  B.S.,  F.R.C.S.,  F.R.S. 
(From  the  Laboratory  of  the  Brown  Instittttion.) 


Abstract  received  and  read  June  16, — Full  paper  received  August  12,  1887. 


[Plates  40-42.] 
INTRODUCTION. 


In  a  former  paper  published  in  the  '  Philosophical  Transactions,'  B.,  vol.  178  (1887), 
pp.  153-167,  a  minute  account  was  given  by  us  of  the  effects  produced  by  electrical 
stimulation  of  the  so-called  motor  area  in  the  cerebral  cortex  for  the  upper  limb.  In 
continuation  of  this  work  we  have  investigated  in  a  similar  manner  the  effects 
produced  by  stimulating  the  rest  of  the  so-called  motor  region  on  the  convexity  of 
the  cortex,  with  the  exception  of  the  lower  parts  of  the  ascending  frontal  and 
parietal  convolutions.  The  parts  examined  in  the  present  research  comprise  the 
posterior  third  of  the  frontal  convolutions,  the  upper  third  of  the  ascending  frontal 
convolution,  the  superior  parietal  lobule,  and  the  posterior  half  of  the  ascending 
parietal  convolution.  The  movements  evoked  by  stimulating  these  areas  were 
respectively  those  of  the  head  and  eyes  to  the  opposite  side,  conjoined  movement  of 
both  opposite  limbs,  movements  of  the  lower  limb,  and  movements  of  the  upper  limb. 
Tn  order  to  avoid  disci^epancies  in  the  arrangement  of  the  cerebral  sulci  in  different 
species,  and  so  to  obtain  exact  localisation  of  the  effect  produced,  the  same  variety  of 
Monkey  was  alone  used,  viz.,  Macacus  sinicus.  In  all  we  have  performed  twenty- 
three  experiments,  the  animal  in  each  case  having  been  narcotised  with  ether  and 
killed  before  recovery  from  the  anaesthetic. 


PART  I.— ANATOMY. 


In  the  paper  above  referred  to,  a  description  was  given  of  the  position  in  the 
Monkey  of  the  fissure  of  Rolando,  the  praecentral  sulcus,  and  a  small  fissure  above 

*  The  expenses  of  this  research  were  defrayed  by  a  grant  from  the  British  Medical  Association. 
MDCCCLXXXVIII. — B.  U.7.88 
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this,  called  by  Professor  Schafer  "  x."  The  excitable  region  investigated  in  the 
present  paper  is  limited  below,  where  it  lies  in  front  of  the  prsecentral  sulcus,  by  the 
horizontal  level*  of  the  lower  end  of  that  sulcus,  the  superior  and  anterior  part  being 
bounded  above  by  the  middle  line,  and  in  front  by  a  sulcus  which  Professors  Horsley 
and  Schafer  provisionally  named  "y"  (see  fig.  1).  Below.it  is  partially  bounded 
by  a  sulcus  which  we  have  temporarily  called  "  w."  This  sulcus,  "  w,"  runs  horizon- 
tally from  near  the  tip  of  the  frontal  lobe  backwards  to  within  a  very  short  distance 
of  the  vertical  limb  of  the  prsecentral  sulcus,  thus  lying  below  and  approximately 

Pig.  1. 


Photograph  of  the  external  surface  of  the  right  half  of  the  brain  of  a  Monkey  (Macacus  sinicus). 


Sulci  Si/A. 
SyP. 
R. 
PO. 
IP. 
Pc. 
v. 

V). 
X. 

x'. 

y- 

z. 

Convolutions  or  Qyri. 


Fissure  of  Sylvius,  anterior  limb. 
Fissure  of  Sylvius,  posterior  limb. 
Fissure  of  Rolando. 
Parieto-occipital  fissure. 
Intra-parietal  sulcus. 
Prrecentral  sulcus. 


Supplementary  to  x,  occasionally  found. 


►  Sulci,  so  named. 


F.     Tip  of  frontal  lobe. 
IF.    Inferior  frontal. 
AP.  Ascending  parietal. 


SF.    Superior  frontal. 
AF.    Ascending  frontal. 
O.      Occipital  lobe. 


parallel  to  the  upper  limb  of  the  prsecentral  sulcus.  The  homology  between  this 
sulcus  and  corresponding  parts  of  the  human  brain  has  not  as  yet  been  made  out. 
The  middle  part  of  the  region  investigated  in  the  present  research  is  bounded  above 


*  I.e.,  a  line  parallel  to,  and  a  short  distance  above,  the  Sylvian  fissure. 
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by  the  longitudinal  fissure  and  below  by  the  sulcus  "  x."  The  remaining  part  of  this 
region,  situated  behind  the  fissure  of  Rolando,  is  bounded  above  by  the  longitudinal 
fissure,  behind  by  the  intraparietal  sulcus,  and  below  by  the  horizontal  level  of  the 
lower  end  of  that  sulcus.  The  upper  part  of  the  ascending  parietal  convolution,  or  as 
it  is  also  called  the  superior  parietal  lobule,  is  divided  by  a  small  sulcus  which  is 
usually  vertical,  and  which  has  been  designated  "  z "  by  Professors  Horsley  and 
Schafer  (see  fig.  1). 

(As  we  showed  in  our  previous  paper,  we  consider  that  the  sulcus  "  x "  separates 
the  superior  from  the  middle  frontal  convolution,  and  is  consequently  homologous 
with  the  superior  frontal  sulcus  of  Man.) 

On  looking  at  fig.  1  it  will  be  seen  that  the  portion  of  the  cortex  treated  of  in  this 
paper  partly  surrounds  the  area  in  which  the  upper  limb  is  chiefly  represented — as 
described  in  our  former  paper — on  two  sides,  viz.,  in  front  and  above.  These  parts  of 
the  cortex  in  front  and  behind  the  area  for  the  upper  limb  form  the  anterior  and 
posterior  limits  respectively  of  the  cortex  which  is  excitable.  The  present  research 
completes  the  investigation  of  the  upper  part  of  the  excitable  region  of  the  outer 
convex  surface  of  the  hemisphere. 

Topographical  Determination  of  the  Sulci. 

The  position  of  the  sulci  in  different  Monkeys  of  the  same  species  and  of  about  the 
same  age  varies  considerably.  These  variations  were  noted  in  the  following  way : — 
the  brain  of  each  Monkey  was  exposed,  and  the  part  to  be  investigated  was  drawn 
the  exact  size,  the  distance  of  the  sulci  from  each  other  and  the  size  of  the  con- 
volutions being  measured  by  compasses  ;  thus  an  accurate  representation  of  each 
individual  brain  was  recorded.  As  can  be  well  seen  by  referring  to  figs.  1a  and  1b, 
noteworthy  variations  in  the  outlines  of  the  sulci  were  thus  revealed. 


Fig.  1a. 


Fig.  1b. 
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PART  II.-METHOD  OF  NOTATION  OF  THE  VARIOUS  POINTS  STIMULATED. 

Method  of  Experimentation.-We  have,  as  before,  divided  up  the  area  to  be 
examined  into  centres*  of  2  mm.  square;  but,  although  in  our  former  research  we 
investigated  the  contiguous  borders  as  well  as  the  middle  point  of  these  minute 
divisions,  we  thought  it  sufficient  then  to  record  only  the  latter  half  of  these  observa- 
tions In  describing  our  present  research  we  have  thought  it  better  to  record  the  result 
obtained  at  every  point  stimulated.  Consequently,  in  any  given  linear  centimetre 
there  will  be  five  points  of  stimulation  :  that  is  to  say,  the  electrodes  being  as  before, 
2  mm.  apart,  the  middle  of  each  centre  will  be  2  mm.  distant  from  the  middle  point 
of  an  immediately  contiguous  one.  The  mere  difference  in  size  of  the  brain  of  some 
of  the  Monkeys  investigated  compelled  us  to  slightly  alter  this  arbitrary  arrangement 

Fig.  2. 


This  is  a  similar  photograph  to  tig.  1,  and  shows  the  area  of  the  cortex,  which  is  the  subject  of  this 
paper ;  the  numbers  denote  the  different  individual  points  of  stimulation,  of  which  74  are  here 
given.  Each  number  denotes  a  centre  of  the  size  of  2  sq.  mm.  Centres  35,  42,  and  46  apparently 
pass  anterior  to  the  sulcus  y  (see  fig.  1),  but  the  deep  shadow  is  caused  by  a  large  vein  which 
happened  to  be  present  in  this  brain. 


by  suppressing  a  row  of  these  centres  where  the  approximation  of  the  sulci  reduced 
the  surface  area  of  the  excitable  cortex,  so  that  there  was  only  room  for  two  in  place 
of  three  rows  of  numbers.  Moreover,  occasionally  we  have  been  compelled  to  spread 
out  the  numbers,  but  the  error  of  position  so  caused  was  never  more  than  "5  mm.  As  the 
method  of  notation  of  these  small  centres  was  quite  arbitrary,  and  as  numbers  had  to 


*  By  the  word  centre,  we  mean  each  of  the  2  mm.  square  divisions  into  which  we  have  partitioned 
the  region  investigated.  We  reserve  the  term  area  to  designate  the  total  cortical  surface  in  which 
movements  of  one  part  (e.g.,  a  limb)  are  wholly  represented,  i.e.,  the  upper  limb  area,  the  face 
area,  etc. 
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be  occasionally  omitted  owing  to  the  inequalities  and  irregularities  of  a  convex  surface 
such  as  that  of  the  brain,  it  has  been  impossible  to  maintain  a  perfect  continuity  in 
sequence  of  the  numbers  employed.    (Reference  to  figs.  1  and  2.) 

Method  of  Stimulation. — We  have  used  as  before  the  faradic  current,  employing 
such  an  one  as  would  only  just  evoke  a  movement,  and  for  the  detection  of  the 
primary  movement  (see  'Phil.  Trans.,'  I.e.,  p.  163)  the  method  of  momentary  applica- 
tion of  the  stimulus.  The  sole  change  made  in  the  apparatus  has  been  the  substitution 
of  one  litre  bichromate  of  potash  cell  for  the  single  Daniell  cell. 

The  parts  of  the  cortex  relegated  to  the  representation  of  the  various  parts  of  the 
body  observed  to  move  on  excitation  of  the  different  centres  must  now  be  described, 
in  order  to  make  clear  the  details  of  the  subsequent  analysis. 

PART  III. — THE  TOPOGRAPHY  OP  THE  REPRESENTATION  OP  THOSE  PARTS  OP  THE 
BODY,  OP  WHICH  MOVEMENTS  WERE  OBSERVED  IN  THE  PRESENT  RESEARCH. 
(See  fig.  3.) 

(I.)  The  Head  and  Eyes. — The  area  of  representation  of  the  fundamentally  impor- 
tant movement  of  turning  the  head  and  eyes  to  the  opposite*  side  is  a  very  extensive 
one,  reaching  from  the  longitudinal  fissure  above  almost  to  the  fissure  of  Sylvius 
below,  it  is  limited  in  front  and  above  by  the  small  transverse  or  perpendicular  sulcus 
y  before  referred  to.  The  limitation  anteriorly  is  continued  downwards,  in  the  same 
direction  as  y,  to  the  horizontal  sulcus  which  we  have  called  w,  along  which  the 
imaginary  boundary  runs  backwards  to  the  narrow  gyrus  surrounding  the  hinder  end 
of  this  sulcus,  and  which  bounds  in  front  the  vertical  limb  of  the  prsecentral  sulcus. 
Below  to  the  border  line  of  the  area  extends  downwards  parallel  to  the  vertical  limb 
of  the  prsecentral  sulcus,  this  portion  of  the  line  frequently  corresponding  with  a  small 
oblique  svdeus  which  seems  to  us  to  be  the  anterior  limb  of  the  fissure  of  Sylvius. 
Posteriorly  the  area  is  limited  by  the  vertical  limb  of  the  prsecentral  sulcus,  and  by  a 
line  continuing  the  direction  of  this  same  upwards  to  the  middle  line,  passing  a  little 
in  front  of  the  anterior  extremity  of  the  sulcus  x.  The  area  of  representation  of  this 
part  has,  therefore,  roughly  speaking,  the  outline  of  a  flag,  the  staff  of  which  forms  the 
lower  part  (see  fig.  3). 

The  synchronous  conjugate  deviation  of  the  eyes  to  the  opposite  side  is  represented 
in  the  same  region,  but  to  a  less  extent  than  the  movement  of  turning  the  head  {vide 
page  212). 

(II.)  The  Lower  Limb.— -The  area  of  representation  of  the  movements  of  the  lower 
limb  is  limited  in  front  by  a  line  passing  vertically  through  the  anterior  extremity  of  the 
sulcus  x,  and  sometimes  a  little  in  front  of  this  point ;  behind,  it  extends  to  the  junction 
of  the  intra-parietal  sulcus  with  the  longitudinal  fissure  ;  upwards  it  extends  to  the 

*  By  this  is  meant,  of  course,  the  turning  away  of  tbe  head  so  that  the  face  looks  away  from  the 
hemisphere  stimulated. 
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median  "line,  where  it  is  continuous  with  the  marginal  convolution  ;  below  it  is  limited 
by  the  sulcus  x,  and  by  an  imaginary  line  drawn  backwards  from  this  across  the  fissure 
of  Rolando  and  through  the  middle  of  the  sulcus  z  to  the  interparietal  sulcus.  The 
shape  of  the  area  is  in  the  form  of  a  horizontal  strip  along  the  top  of  the  hemisphere. 

Fig.  3. 


A  similar  photograph,  shaded  to  show  the  parts  of  the  cortex,  excitation  of  which  produces  movements 
of  the  head  and  eyes  to  the  opposite  side,  and  movements  of  the  upper  and  lower  limbs  ;  it  comprises 
the  areas  which  were  investigated  in  our  previous  paper,  as  well  as  those  which  are  the  subject  of 
the  present  one. 

Oblique  shading  represents  the  area  of  the  movements  of  the  head  and  eyes. 

Vertical  shading  ,,  ,,  „  upper  limb. 

Horizontal  shading  „  ,,  ,,  lower  limb. 

The  places  where  the  lines,  having  different  directions,  intersect,  denote  the  overlapping  of  the 
contiguous  areas ;  and  at  these  points  the  functions  of  these  different  areas  are  represented 
together. 

(III.)  Tlie  Upper  Limb. — The  area  of  representation  of  this  limb  we  have  already 
described  in  part  in  our  former  paper,  in  which,  however,  we  left  for  future  obser- 
vation the  analysis  of  the  margins  of  the  upper  limb  region.  This  we  have  now  done, 
and  we  find  that  the  upper  limb  is  represented  over  the  whole  of  the  ascending 
parietal  convolution  below  the  line  given  above  in  limitation  of  the  representation  of 
the  lower  limb.  For  the  discussion  of  the  limitation  of  the  rest  of  the  upper  limb 
region  see  page  238,  where  the  localities  of  the  fusion  of  the  different  contiguous  centres 
are  treated  of  in  detail. 

We  do  not  here  treat  of  the  area  of  representation  of  the  face,  jaws,  &c,  and  the 
observations  on  these  points  will  form  the  subject  of  a  future  paper. 
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PART  IV.— REPRESENTATION  OF  THE  MOVEMENTS  OP  THE  HEAD  ACCOMPANIED 
BY  CONJUGATE  DEVIATION  OP  THE  EYES.    (Plate  40,  figs.  3,  4,  4a,  5.) 

The  movements  of  the  head  and  eyes  were  observed  by  Professor  Ferrier  as  being 
simultaneous.  We  find  on  further  analysis  that,  though  this  synchronous  action  is 
by  far  of  commonest  occurrence,  yet  that  considerable  differentiation  exists,  and  of 
this  we  shall  now  speak,  reserving  the  discussion  of  the  simultaneous  movements  to 
pp.  213  to  215,  when  we  consider  the  march  of  movements  in  this  region. 

The  different  movements,  therefore,  which  have  to  be  considered  in  this  part  are — 

L  Movements  of  the  Head. — The  head  moves  in  one  of  the  following  modes  or  in 
combination  of  the  same  : 

(a)  Simple  horizontal  rotation  to  the  opposite  side. 

(b)  Rotation  with  elevation  of  the  muzzle. 

(c)  Rotation  with  adduction  of  head  to  the  (opposite)  shoulder. 

II.  Movements  of  the  Eyes. — 

(a)  Both  eyes  open. 

(b)  Both  eyes  turn  horizontally  to  opposite  side. 

(c)  Both  eyes  turn  to  opposite  side  and  upwards. 

(d)  Both  eyes  turn  to  opposite  side  and  downwards. 

(e)  Both  eyes  return  to  the  middle  line  (from  the  side  stimulated)  or  turn 

only  through  a  few  degrees. 

III.  Movements  of  the  Pupils. — 

(a)  Contraction. 

(b)  Dilatation. 

I.  Movements  of  the  Head  : 

(a)  Simple  horizontal  rotation  to  the  opposite  side.  This  occurs  as  a  primary 
movement  most  markedly  in  the  part  of  the  cortex  above  the  horizontal  fissure  of  the 
praecentral  sulcus,  i.e.,  the  middle  frontal  convolution,  and  especially  in  the  centres  32, 
and  to  a  slightly  less  degree  in  33,  40,  44,  and  45  (see  fig.  2).  This  movement  of  turning 
the  head  to  the  opposite  side  is  also  represented*  over  the  whole  area  included  by  the 
centres  14-52.t  From  this  it  follows  that  the  principal  focus  of  the  representation  of 
this  act,  as  a  primary  movement,  is  most  marked  at  centre  32,  from  which  point  the 
representation  gradually  diminishes  (vide  fig.  4). 

(b)  Rotation  to  opposite  side  with  elevation  of  the  muzzle.  It  is  a  matter  of 
common  observation  that  the  movement  of  the  head  to  either  side  is  often  accom- 
panied by  a  tilting  of  the  head  backward  so  that  the  face  looks  upwards  as  well  as 
outwards.    We  have  never  observed  this  elevation  of  the  muzzle  below  the  horizontal 

*  I.e.,  absolute  or  total  representation. 

t  Excepting,  of  course,  centres  27,  30  (see  pp.  242  and  244). 
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limb  of  the  pnecentral  sulcus.  Further,  this  combined  action,  we  find,  is  most  repre- 
sented in  the  superior  frontal  convolution  close  to  the  margin  of  the  hemisphere,  and 
most  especially  in  the  centre  48  ;  in  addition  it  is  present  in  the  centres  38,  47,  44, 
45,  40,  41,  42,  34,  and  35. 

(c)  Rotation  with  adduction  of  head  to  the  opposite  shoulder.  In  a  few  instances 
we  noted  that  the  rotation  of  the  head  was  scarcely  so  marked  as  a  rolling  over  and 
adduction  to  the  opposite  shoulder.  This  action  was  observed  at  46  and  48  only, 
thereby  showing  that  it  occurs  very  rarely  as  a  primary  movement.  It  will  be  seen 
later  on  that  it  was  observed  occasionally  as  a  secondary  movement  along  the  lower 
border  of  the  horizontal  limb  of  the  prEecentral  sulcus. 

II.  Movements  of  the  Eyes : 

(a)  Both  eyes  open.  Before  entering  into  the  detailed  account  of  the  representation 
of  this  movement,  we  must  observe  that  no  great  stress  can  with  justice  be.  laid  on  the 
frequency  of  the  observation  of  this  action  ;  for  the  reason  that  unless  the  animal  be  very 
profoundly  narcotised  the  eyes  remain  open,  while  on  the  other  hand,  if  it  be  so  deeply 
narcotised,  the  cortex  is  no  longer  excitable  to  the  currents  we  employ.  With  this  reser- 
vation, we  will  now  discuss  the  frequency  and  position  of  its  occurrence.  Since  we  have 
obtained  this  movement  of  opening  the  eyes  at  almost  every  point  in  which  turning  of  the 
head  is  represented,  we  are  inclined  to  believe  that  this  movement  constantly  occurs  in 
association  with  that  of  the  head  ;  but,  owing  to  the  error  of  observation  above  referred 
to,  we  do  not  wish  to  speak  more  positively  on  this  point.  From  two  special  experi- 
ments made  to  answer  this  question,  we  find  that  the  movement  was  most  represented 
at  centre  32 ;  from  this  point  it  diminished  upwards  and  downwards,  and  especially 
in  the  former  direction.  With  one  doubtful  exceptional  case,  the  movement  of 
opening  the  eyes  is  not  represented  along  the  middle  line  of  the  hemisphere  or  along 
the  vertical  line  of  centres  immediately  behind  the  sulcus  y. 

We  are  fortified  in  our  opinion  stated  above  by  the  fact  that  Professor  Ferrier,  in 
his  work  '  On  the  Functions  of  the  Brain,'  2nd  edit.,  p.  242,  states  that  he  obtained 
by  stimulating  his  centre  12,  which  mainly  corresponds  to  the  region  now  under 
discussion,  the  following  associated  movements  : — "  the  eyes  open  widely,  the  pupils 
dilate,  and  head  and  eyes  turn  to  the  opposite  side." 

(b)  Both  eyes  turn  horizontally  to  the  opposite  side.  The  eyes  rarely  turn  to  the 
opposite  side  as  a  primary  movement ;  this  action  is  best  represented  in  the  convolu- 
tions situated  in  front  of  the  prsecentral  sulcus,  and  to  a  less  degree  behind  the  sulcus  y. 
Just  as  the  movement  of  opening  the  eyes  is  associated  with  that  for  rotation  of  the 
head,  so  in  like  manner  the  turning  of  the  eyes  is  found  in  connection  with  the  same 
movement  of  the  head. 

The  further  consideration  of  this  movement  is  continued  under  the  heading  of 
"March,"  vide  p.  213. 

(c)  Both  eyes  turn  to  the  opposite  side  and  upwards.  This  movement  was  very 
rarely  observed,  and  only  in  centres  15,  16,  17,  19,  20,  and  very  slightly  at  33  and  31. 
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(d)  Both  eyes  turn  to  opposite  side  and  downwards.  This  movement  was  noticed 
but  twice,  and  only  at  centre  22. 

(e)  Both  eyes  turn  to  the  middle  line,  or  only  through  a  few  degrees  to  the  opposite 
side. 

This  action  was  observed  to  occur  frequently  in  the  centres  28,  28a,  26a,  266.  It 
consisted  in  a  limited  rotation  of  the  eyes  through  a  few  degrees,  such  as  would  suffice 
to  restore  the  direct  position  of  the  visual  axes,  if  the  eyes  happened  to  be  in  position 
of  slight  conjugate  deviation  towards  the  hemisphere  stimulated,  and  if  any  external 
strabismus  happened  to  be  present  it  was  similarly  instantly  corrected. 

In  watching  the  rotation  of  the  eyeballs  we  occasionally  observed  nystagmus  of  the 
eyes;  this  was  only  seen  at  the  centres  15,  16,  29,  and  always  consisted  of  rapid 
jerking  movements  towards  the  opposite  side.  This  was  probably  merely  a  result  of 
fatigue. 

III.  Movements  of  the  Pupils. — In  the  vast  majority  of  instances  there  was  no 
movement  of  the  pupils;  when  it  occurred  dilatation  was  always  noted.  This  dilatation 
of  the  pupils  exists  simply  in  association  with  turning  of  the  head  and  eyes  to  the 
opposite  side.  It  appeared  to  be  represented  most  round  the  horizontal  limb  of  the 
prsecentral  sulcus,  but  we  did  not  observe  it  many  times. 


Fig.  14. 


This  figure  is  illustrative  of  the  march  or  sequence  of  muscular  spasm  at  those  points  m  the  areas 
investigated  which  appeared  to  be  most  constantly  the  seat  of  origin,  of  such  sequence.  The  letters 
indicating  the  joints  moved  are  placed  in  the  order  of  the  successive  movements. 


A  =  Ankle. 
E  =  Eyes  turning  to  opposite  side. 
Eo  =  Eyes  opening. 
E  =  Elbow. 
F  =?  All  fingers. 


/  =  Index  finger. 
H  =  Head  turning  to  opposite  side. 
H  =  Hip. 
h  =  Hallux. 
K  =  Knee. 


S  =  Shoulder. 
T  =  Thumb. 
T  =  All  toes. 
t  =  Small  toes. 
W  =  Wrist. 


March  or  Sequence  of  Movement  of  the  Head  and  Eyes.    (See  fig.  14.) 

The  relation  of  the  movements  of  the  turning  of  the  head  and  eyes  to  the  opposite 
side  to  that  of  opening  the  eyes  varies  as  regards  sequence  of  movement  in  the 
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different  parts  of  the  cortex  now  under  consideration.  The  sequence  or  order  in 
which  these  movements  occur  forms  the  march  for  the  part  stimulated. 

We  shall  take  first  the  movements  described  above  as  an  aid  in  dividing  up  the 
large  area  for  the  movements  of  the  head  and  eyes,  for  the  purpose  of  investigating 
the  "  March."  It  will  be  remembered  that  we  postponed  for  later  consideration  the 
simultaneous  movement  of  the  head  and  eyes.  The  primary  representation  of  this 
most  important  synergic  action  is  given  in  Plate  40,  fig.  5.  It  will  be  seen  that  its 
representation  has  a  very  wide  distribution,  which  for  the  most  part  corresponds  in 
mere  extent  with  the  representation  of  the  movements  of  the  head  alone.  As  a  primary 
movement,  its  importance  entitles  it  to  first  consideration,  for  a  review  of  the  facts 
given  in  Table  I.*  will  exhibit  the  very  remarkable  result  that,  of  the  104  occasions 
on  which  this  movement  was  observed  to  occur,  in,  100  instances  it  was  primary.  This 
is,  no  doubt,  a  demonstration  of  the  necessity  that  this  primitive  movement  should 
precede  all  others. 

Taking  first,  then,  the  simultaneous  movements  of  turning  the  head  and  eyes  to 
the  opposite  side,  the  following  march  can  be  made  out  for  a  considerable  number  of 
centres.    The  order  of  this  march  is  as  follows  : — 

1.  Simultaneous  turning  of  the  head  and  eyes  to  the  opposite  side. 

2.  Opening  of  the  eyes  wide. 

3.  Continuation  of  turning  of  the  head. 

And  this  occurs  at  centres  14  to  17  inclusive  and  34. 

The  part  next  to  be  considered  is  the  region  below  the  sulcus  w,  which  extends 
downwards  in  front  of  the  vertical  limb  of  the  prsecentral  sulcus.  The  following 
movements  here  form  the  march  : — 

1.  Turning  of  the  head  to  the  opposite  side. 

2.  Opening  of  the  eyes  wide. 

3.  Turning  of  the  eyes  to  the  opposite  side. 

And  are  represented  in  the  following  centres,  19  to  286  inclusive.  At  the  centres 
below  to  the  opening  of  the  eyes  occurred  earlier  in  the  march  than  is  just  stated. 

We  would  here  direct  special  attention  to  the  fact  that  occasionally  the  representa- 
tion of  the  movements  of  the  head  and  eyes  is  continued  downwards,  in  front  of  the 
prsecentral  sulcus  as  far  as  its  lower  extremity,  this  area  being  limited  in  front  by  the 
subordinate  sulcus  (often  very  slightly  marked)  in  the  inferior  frontal  convolution, 
which  probably  represents  the  anterior  limb  of  the  Sylvian  fissure. 

We  believe  that  it  was  owing  to  the  very  large  proportion  of  negative  results  {i.e., 
recorded  nil)  observed  in  stimulating  this  region,  that  Dr.  Ferrier  was  led  to  consider 
it  (i.e.,  the  part  below  the  sulcus  w)  inexcitable. 

We,  however,  find  from  a  large  number  of  observations  that  it  is  really  excitable, 
although  not  invariably  so.  Of  course,  too,  this  excitability  diminishes  from  above 
downwards.    Not  only  is  the  representation  in  this  region  relatively  less,  but  also  the 

*  See  p.  242,  et  seq. 
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amount  of  movement  evoked  is  much  inferior  in  force  and  extent  to  that  obtained  in 
the  centres  above  w. 

The  relative  amount  of  representation  in  the  two  parts  is  best  shown  by  comparing 
the  number  of  times  in  each  in  which  no  movement  was  obtained. 

This  will  be  made  clearer  by  inspection  of  the  following  columns.  In  the  left  side 
are  set  forth,  in  position  corresponding  to  their  arrangement  in  the  cortex,  the  centres 
above  and  below  the  sulcus  w,  viz.,  all  those  below  the  horizontal  limb  of  the  prje- 
central  sulcus.  On  the  opposite  side  of  the  central  line  are  correspondingly  arranged 
fractions,  the  numerators  of  which  denote  the  number  of  negative  results  obtained, 
while  the  denominators  give  the  number  of  observations  on  each  particular  centre. 


Level  of  w- 


Centres. 
14       15  16 
17       18  19 


22 

24 

28 

28a 

286 

28c 


26 
26' 

26« 
266 
26c 
26c? 


27 


Nils. 


_o_ 

1  9 
1 
I  6 


_1 
1  9 
,  3 
1  6 


1 

1  9 

6 

1  7 


18 
_3 
1  5 
_3 
1  8 

4 

1  6 

7 
1  3 

6. 

9 


1  3 
1  8 

6 

1  4 
5 

1  6 
7 

16" 
5 

1 1 
3. 
5 


1  7# 
18 


(The  thick  black  line  in  each  group  of  figures  denotes  the  level  of  the  sulcus  w.) 

To  return  to  the  existence  of  marked  inferiority  of  functional  activity  of  this  region, 
we  would  repeat  that  this  is  the  part  of  the  head  and  eye  area  where  excitation 
evokes  rotation  of  the  head  and  eyes  through  only  a  few  degrees,  such,  for  instance,  as 
is  requisite  to  direct  the  face  to  the  middle  line,  if  it  be  a  little  diverted  towards  the 
side  stimulated. 

In  discussing  the  bearing  of  the  less  forcible  character  of  the  representation  in  this 
region  as  compared  with  that  around  the  horizontal  limb  of  the  praecentral  sulcus,  it 
must  be  observed  that  the  negative  results  occurred  in  Monkeys  with  small  brains, 
in  which  case  consequently  this  portion  of  the  brain  was  only  slightly  developed. 


PART  V.— REPRESENTATION  OP  THE  MOVEMENTS  OP  THE  LOWER  LIMB.    (See  figs.  3, 

6,  6a,  7,  8,  9,  10,  11,  12,  13,  Plates  40  and  41.) 

Before  classifying  and  discussing  the  representation  of  the  movements  of  the  lower 
limb,  it  will  be  advisable  to  consider  a  few  generalisations.  In  the  first  place,  as  we 
showed  in  our  former  paper,  certain  segments  of  the  limb  are  of  more  importance  than 

*  The  one  positive  observation  noted  here  was  obtained  in  a  Monkoy  in  which  tho  sulcus  w  was 
extremely  short,  so  that  centre  27  was  brought  near  to  tho  focus  of  roprcsontation. 
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others  ;  thus  we  demonstrated  in  the  upper  limb  that  its  extremities,  i.e.,  the  shoulder 
and  the  hand,  possessed  the  greatest  primary  representation,  the  intermediate  joints 
being  only  of  subsidiary  importance. 

It  is  interesting  to  find  that  the  same  phenomenon  is  present  in  the  lower  limb,  the 
foot  and  the  hip  taking  the  lion's  share  of  primary  movement,  while  the  knee,  the 
intermediate  joint,  occupies  quite  a  subordinate  position.  Indeed,  in  many  cases 
it  was  obvious  that  the  movement  of  the  knee  was  only  consequential  to  that  of  the 
hip,  thus  mechanically  relieving  the  tension  necessarily  produced  by  flexion  of  the 
former  joint. 

The  differentiation  of  the  movements  of  the  lower  limb  is  not  nearly  so  minute  and 
distinct  as  in  the  upper  limb.  This  is  extremely  well  exemplified  in  the  mode  of 
sequence  of  the  movements  of  the  segments  in  the  two  limbs.  For  instance,  in  the 
upper  limb  excitation  of  the  middle  of  the  ascending  frontal  convolution*  produces  a 
comparatively  slow  and  orderly  successive  flexion  of  digits,  wrist,  elbow,  and  shoulder  ; 
whereas  excitation  of  the  same  convolution  above  and  behind  the  posterior  extremity  of 
x  evokes  rapid  movement  of  all  the  toes,  almost  instantly  followed  by  movement  of  the 
ankle  and  hip  with,  as  before  remarked,  the  subsequent  and  subordinate  movement  of 
the  knee.  Indeed  the  rapidity  with  which  movement  of  one  segment  followed  that 
of  another  was  so  great  as  to  make  it  appear  that  each,  with  the  exception  of  the 
knee,  was  represented  equally  in  point  of  time.  In  this  way  it  was  frequently  difficult 
to  discover  the  exact  march  of  the  spasm  produced  even  by  minimal  stimuli. 

Hence  the  march  and  also,  as  will  be  subsequently  shown  in  detail,  the  primary 
movement,  both  show  the  same  character  of  the  representation  of  the  lower  limb  as  is 
revealed  in  the  performance  of  so-called  volitional  efforts.  Whereas  the  upper  limb 
performs  movements  of  great  complexity  and  speciality  of  purpose,  those  of  the  lower 
limb  are  engaged  in  actions  of  a  lower  grade  which  are  far  less  individualised. 

We  now  proceed  to  discuss  the  seat  of  primary  movement  in  each  segment  of  the 
lower  limb,  as  we  have  observed  such  to  occur,  and  in  each  instance  also  the  character 
of  the  movements  evoked  at  each  point  excited. 

The  segments  of  the  lower  limb  may  best  be  considered  in  the  order  from  below 
upwards,  inasmuch  as  the  smallest  segments  possess  the  most  extensive  primary 
representation. 

For  accuracy  and  convenience  it  is  necessaiy  to  refer  to  the  movements  of  the  toes, 
not  only  under  the  two  headings  of  hallux  and  the  rest  of  the  toes  respectively, 
which,  for  further  convenience,  we  shall  speak  of  as  the  small  toes,  but  also  to  the 
movements  of  all  the  digits  acting  simultaneously  as  a  whole,  under  the  expression 
"  all  toes." 

The  movements  of  the  segments  will  consequently  be  described  in  the  following 
order  : — 


*  Centres  3,  vide  former  paper. 
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Hallux, 
All  toes, 
Small  toes, 
Ankle, 
Knee, 
Hip. 

In  describing  the  movements  of  each  of  these  segments  we  shall  give  (i.)  the  total 
or  absolute  representation  in  each  instance,  (ii.)  the  primary  representation,  (iii.)  the 
character  of  the  movements  comprising  [a]  the  total  or  absolute  representation  of 
the  part,  and  (b)  the  primary  representation. 

By  the  expression  total  or  absolute  representation  of  any  segment,  we  mean  that 
we  have  extracted  from  our  records  every  single  movement  of  each  given  segment  at 
every  one  of  our  centres  where  that  segment  happened  to  be  represented.  The 
summation  of  these  facts  gives  correctly  the  actual  total  amount  of  representation  of 
each  joint  at  each  centre,  and  consequently  tells  us  to  what  extent,  as  determined  by 
electrical  stimulation,  that  joint  or  segment  is  represented  in  the  cerebral  cortex. 

The  second  heading  under  which  we  have  classified  our  observations,  viz.,  that 
of  primary  representation,  requires  little  explanation,  since,  unlike  the  first  heading 
just  described,  it  defines  the  region  in  which  any  particular  joint  begins  the  general 
movement  of  the  limb,  excluding,  of  course,  secondary,  tertiary,  or  even  quaternary 
representations  of  the  segment  of  the  limb,  all  these  being  included  under  the  first 
heading. 

The  determination  of  the  representation  of  the  primary  movement  is  of  the  greatest 
importance,  since  upon  this  rests  the  exact  localisation  of  the  starting  point  of 
epileptiform  convulsions. 

Finally,  by  the  character  of  the  movement  we  mean  whether  it  be  one  of  flexion, 
extension,  &c,  and  this  is  separately  considered,  according  as  the  movement  is  refer- 
able to  (a)  absolute  or  (b)  primary  representation. 


Representation  op  the  Hallux  (see  Plate  40,  figs.  6,  6a). 


(i.)  Total  or  Absolute  Representation. — The  movements  of  the  hallux  are  repre- 
sented *  at  the  following  centres  in  order  of  diminishing  frequency  : — 


n,  {2}.  {II}.  {fi}.  {«},  *  *  • 


73 
75 
77 
6' 
,6, 


76, 


r  58 

\52 


*  The  centres  enclosed  vertically  in  brackets  are  those  in  which  the  degree  of  representation  was 
equal. 
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On  reference  to  Plate  40,  figs.  3  and  6,  it  will  be  seen  that  this  is  tantamount  to 
saying  that  the  hallux  is  frequently  represented  all  over  the  area  for  the  movements 
of  the  lower  limb,  with  the  exception  of  its  hindermost  extremity,  viz.,  centre  74. 
The  maximum  representation  of  the  hallux  is  thus  grouped  round  the  upper  end  of 
the  fissure  of  Rolando,  and  by  reference  to  Table  I,  p.  250,  &c,  and  fig.  6  it  is  evident 
that  the  representation  of  this  segment  decreases  rapidly  in  intensity  posteriorly,  but 
more  gradually  anteriorly  and  inferiorly,  reaching  a  minimum  at  each  end  of  the  lower 
limb  area  (cf.  the  region  for  absolute  representation  of  "  all  toes").  The  total  number 
of  times  that  the  hallux  was  observed  to  move  was  138. 

(ii.)  Primary  Representation  (see  fig.  6a). — The  hallux  is  piimarily  represented  at 

69,  68,  71,  62,  70,  61,  67,  65,  72,  75,  59,  58, 

the  centres  being  here  arranged  in  order  of  decreasing  intensity  of  representation. 

It  occurred  to  us  that  the  order  of  these  centres  of  primary  representation  ought  to 
be  decided  by  different  considerations  to  those  by  which  were  determined  the  relative 
positions  of  the  centres  of  total  representation.  Consequently  we  have  gauged  the 
intensity  of  the  primary  representation,  not  only  by  the  greater  proportionate* 
frequency  with  which  it  actually  occurred,  but  also  by  its  being  accompanied  or  not 
by  the  occasional  primary  representation  of  other  segments,  e.g.,  the  small  toes. 

It  will  thus  be  seen  that  the  hallux  is  represented  in  primary  movement  in  a  very 
large  proportion  of  the  centres  which  are  relegated  to  the  movements  of  the  lower 
limb,  in  fact  it  occurs  primarily  in  the  proportion  of  over  50  per  cent.  While  noting 
that  the  hallux  is  represented  as  a  primary  movement  to  such  a  degree,  it  is  important 
to  remember  that  its  chief  region  of  primary  representation  is  close  around  the  upper, 
end  of  the  fissure  of  Rolando.  This  latter  generalisation  not  only  assumes  special 
importance  in  connection  with  the  diagnosis  of  the  seat  of  disturbance  in  an  epilepti- 
form convulsion  beginning  in  the  hallux,  but  also  because  it  points  to  the  fact,  upon 
which  stress  will  later  be  laid,  that  this  part  is  the  focal  region  of  the  representation 
of  the  lower  limb.  A  total  number  of  82  primary  movements  of  the  hallux  were 
observed. 

III.  Character  of  Movement. — (a.)  Absolute,    (b.)  Primary. 

We  have  found,  somewhat  unexpectedly,  that  there  is  no  distinct  localisation  of  any 
particular  movement ;  extension  and  flexion  t  being  apparently  equally  represented  in 
any  centre  for  movement  of  the  hallux.    It  is  true  that  there  is  a  slight  difference, 

*  By  "  proportionate  "  we  mean  the  ratio  of  the  primary  movement  of  the  hallux  to  nil  other  primary 
movements  occurring  at  the  same  segment  (see  p.  220,  "  Primary  Representation  of  All  Toes  "). 

t  In  employing  the  term  flexion  of  the  hallux  we  have  found  it  advisable  to  include  therein  not  only 
direct  flexion  hut  also  tho  more  specialised  movements  of  adduction  and  opposition.  Although  in  this 
species  of  Monkey  the  hallux  is  employed  as  a  thumb,  nevertheless  tho  special  movements  just  mentioned 
were  so  frequently  accompanied  by  the  action  of  flexion,  that  tho  representation  was  most  accurately 
describod  as  that  of  flexion  into  the  sole. 
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according  as  the  movement  is  a  primary  movement  or  not ;  thus  we  find  that  out  of 
82  instances  of  primary  movement  of  the  hallux,  47  were  flexion  adduction  and  oppo- 
sition, i.e.,  mainly  flexion,  while  only  35  were  the  converse,  viz.,  extension  abduction. 

When,  however,  we  come  to  enumerate  the  total  or  absolute  number  of  instances  in 
which  the  hallux  moved,  we  find  that  this  relationship  is  reversed,  and  that  extension 
distinctly  predominates.  For  instance,  if  we  take  the  focus  of  representation  of  the 
hallux,  viz.,  centres  69,71,  and  summate  the  absolute  representation  of  movements,  we 
find  that  "extension"  occurs  fifteen  times,  whereas  "flexion"  was  observed  only 
6  times.    Flexion  is  primarily  represented  at 

*  {">■  {»>■  {i  {2}-  - 

while  on  the  other  hand  extension  is  represented  at 


Hence,  although  flexion  is  the  more  frequent  primary  movement  of  the  hallux, 
extension  is  the  more  important  from  an  absolute  point  of  view. 

In  our  previous  paper  we  drew  attention  to  the  combination  of  these  movements  as 
affecting  the  fingers,  but  in  the  lower  limb  it  is  most  interesting  to  note  that  we  have 
only  observed  extension  of  the  hallux  followed  by  flexion  in  one  instance,  viz.,  in 
Monkey  38,  centre  64,  where  slight  extension  of  the  hallux  preceded  flexion.  In 
connection  with  this  it  is  proper  to  state  that  in  Monkey  40  we  thrice  observed,  viz., 
at  centres  59,  61,  62,  that  adduction  of  the  hallux  was  preceded  by  a  slight  movement 
of  extension.  The  converse  combination  of  these  two  exists,  which  merits  attention, 
viz.,  the  antecedence  of  extension  by  flexion — the  movement  of  flexion  being  slight, 
and  being  instantly  followed  by  a  more  powerful  and  permanent  extension.  When  it 
is  taken  into  account  that  the  exceptional  instances  of  flexion  being  preceded  by 
extension  are  the  only  ones  of  the  kind  out  of  138  recorded  movements  of  the  hallux, 
it  is  clear  that  some  very  remarkable  relation  exists  between  these  two  fundamental 
movements  of  this  segment,  though  hitherto  we  have  failed  to  discover  any  reason 
why  the  one  combination  should  exist  to  the  exclusion  of  the  other — cf.  representation 
of  movement  of  toes,  p.  222. 

Representation  of  Movements  of  All  Toes,  acting  simultaneously. 

(See  Plate  40,  fig.  7.) 

(i.)  Total  or  Absolute  Representation. — The  movement  of  all  toes  occurs  at  the 
following  centres,  in  order  of  diminishing  intensity, 

2  F  2 
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71,  68 


{»}.  {»}.  n-.f.-n. 


Although  we  here  give  a  list  of  the  localities  at  which  we  have  observed  combined 
simultaneous  movement  of  all  the  toes,  we  wish  most  particularly  to  remark  that,  on 
a  priori  grounds,  it  is  not  to  be  expected  that  such  simultaneous  movements  should  be 
as  constantly  localised  as  those  of  a  highly  specialised  segment,  like  the  hallux ; 
further,  we  wish  to  draw  attention  to  the  fact  that  it  may  well  happen  that  occa- 
sionally in  those  localities  where  the  movement  of  the  toes  succeeds  that  of  the 
hallux  the  time-interval  may  be  so  short  that  the  movements  are  practically  synchro- 
nous. For  example,  we  have  several  times  obtained,  first,  synchronous  movements  of 
all  the  digits ;  and,  later,  by  carefully  repeated  minimal  stimulation,  discovered  that 
occasionally  there  was  a  distinct  interval  between  the  movement  of  the  hallux  and 
the  rest  of  the  digits.  It  might  have  seemed  justifiable  to  ignore  those  instances 
where  the  time-interval  was  exceedingly  short,  but  we  have  thought  it  more  accurate  to 
record  all  the  movements  exactly  as  they  occurred. 

(ii.)  Primary  Representation  of  "all  toes"  occurs  in  diminishing  intensity  at 
centres, 

f65^ 
J  72 

[76 


77>  74>  {52} 


73,   54,  64 


fen 

'  167/ 


59, 


68,  70,  69. 


We  have  drawn  up  the  above  list,  as  in  the  case  of  the  hallux,  according  to  the 
degree  of  intensity  of  the  primary  representation  of  "  all  toes  "  at  any  given  centre. 

This  intensity  has  been  estimated  by  taking  the  proportion  of  the  primary  repre- 
Fentation  of  "  all  toes  "  as  compared  with  frequency  of  occurrence  of  movement  of 
ether  segments  of  the  lower  limb ;  these  proportionate  numbers  have  furnished  the 
indices  for  each  centre. 

This  order  reveals  a  very  definite  symmetrical  arrangement,  not  only  constant  as 
regards  the  position  of  the  representation  of  all  toes,  but  also  with  reference  to  the 
primary  representation  of  the  hallux.  This  latter,  it  will  be  remembered  (see  page  218), 
was  grouped  in  greatest  intensity  round  the  upper  end  of  the  fissure  of  Rolando, 
this  being  the  middle  third  of  the  lower  limb  area.  In  striking  contrast  to  this 
(cf.  figs.  6  and  7),  we  find  that  the  representation  of  "  all  toes  "  is  grouped  at  each 
extremity  of  the  lower  limb  area,  from  which  points  it  gradually  diminishes  in 
intensity  towards  the  focus  of  representation  for  .the  hallux.  Now,  the  hindermost 
centres  of  the  lower  limb  area  being  77  and  74,  whereas  52  and  58  ai-e  the  most 
anterior  ;  these  four  centres  are  seen  to  head  the  above  list  of  the  primary  representa- 
tion of  "  all  toes,"  showing  that  in  the  combination  of  the  hallux  and  small  toes 
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forming  the  group  of  all  toes,  it  is  the  smaller  digits  which  take  the  larger  share  of  the 
primary  representation.    Primary  movement  of  "all  toes"  was  observed  78  times, 
(iii.)  Character  of  Movements. 

(a.)  Absolute. — The  first  point  of  interest  to  be  noted  in  the  character  of  move- 
ments of  "all  toes"  is  that  to  which  we  drew  attention,  in  discussing  those  of  the 
hallux  (p.  219),  viz.,  that  extension  is  the  more  frequent  movement.  Thus,  out  of 
138  simultaneous  movements  of  "all  toes,"  only  21  were  flexion,  all  the  rest  being 
extension.  But  a  still  more  remarkable  fact  is  brought  out  in  considering  the 
localities  where  these  two  opposite  movements  are  represented ;  we  have  just  seen 
that  the  simultaneous  movement  of  "  all  toes  "  is  most  represented  in  positions  exactly 
complementary  to  that  of  the  hallux,  it  is  now  interesting  to  observe  that  the  most 
important  movement  of  the  digits,  i.e.,  extension,  is  characteristic  of  the  chief  foci  of 
representation  of  "all  toes,"  while  the  far  rarer  movement  of  flexion  is  only  to  be 
found  in  those  centres  where  the  primary  representation  of  "  all  toes "  is  over- 
shadowed by  that  of  the  hallux. 

The  centres  where  flexion  was  most  observed  (arranged  in  successive  order  of 
decreasing  importance)  were  : — 


69 

68  y, 

64 


6 
76 

58 
67 


70 
71 
65 
61 


Comparison  of  figs.  6a  and  8  with  fig.  10  will  show  still  more  clearly  than  this  list 
the  relative  position  of  the  proportionate  frequency  of  flexion. 

(b.)  Primary. — The  character  of  the  primary  movement  of  "all  toes"  corresponds 
so  closely  with  that  of  the  absolute  movement  that  it  need  not  be  separately 
considered. 


Representation  of  Movements  of  Small  Toes.    (See  fig.  10.) 


(i.)  Total  or  Absolute  Representation.  —Movements  of  the  small  toes  we  have 
observed  to  occur  on  excitation  of  the  following  centres,  in  order  of  decreasing 
intensity  : — 


62,  65 


(-691 
'  167J; 


64, 


55 
59 
68 
70 
72 
73 


54 
74 
75 


I  7*7 


,77 


On  referring  to  Table  I.  for  further  details  of  this  list,  it  is  apparent  how  much  less 
frequently  the  movement  of  small  toes  is  represented  than  that  of  "  all  toes "  or 
hallux,  the  figures  being  respectively  92,  138,  and  138. 
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(ii.)  Primary  Representation.— The  intensity  of  primary  representation  is  given  in 
the  following  order  :  — 

78,   55,   64,  67,   65,   73,  74,   6',  77,   6,   70,   76,  69. 

Owing  to  the  comparative  rarity  with  which  primary  movement  of  "  small  toes " 
occurs,  it  is  necessary  to  be  cautious  in  forming  generalisations  from  this  list ;  but  it 
is  abundantly  clear  that  the  fundamentally  important  generalisation  which  was  so 
obviously  true  for  the  movements  of  all  toes,  also  applies  in  the  case  of  the  small 
toes,  viz.,  that  the  representation  of  the  small  toes  is  complementary  to  that  of  the 
hallux.  For  not  only  does  movement  of  the  small  toes  occur  primarily  but  once  at 
centre  69,  and  but  twice  at  70,  where  other  primary  movements  occur  to  the  number 
of  14  and  16  respectively,  but  also  the  "  small  toes,"  as  such,  are  not  so  represented  at 
68  and  71.    Primary  movement  of  the  small  toes  was  noted  44  times. 

At  the  same  time  it  is  evident,  from  the  general  rarity  of  primary  movement  of 
the  small  toes,  that  it  is  of  very  inferior  importance  among  the  movements  of  the 
lower  limb.  This  conclusion  is  completely  confirmed  by  observation  of  the  so-called 
voluntary  movements  of  the  toes  ;  primary  simultaneous  action  of  the  small  toes  being 
extremely  rare,  and,  perhaps,  scarcely  ever  performed  by  Man,  or  by  this  species  of 
Monkey. 

(iii.)  Character  of  Movement. 

(a.)  Absolute. — Again  we  find  that,  as  in  the  case  of  "  all  toes,"  the  movement  of 
extension  is  much  more  largely  represented  than  that  of  flexion.  Thus,  out  of  a 
total  of  92  movements,  78  were  extension  and  14  flexion. 

A  further  point  of  material  interest  in  connection  with  this  remarkable  preponderance 
of  the  movement  of  extension  is  to  be  seen  in  the  fact  that  the  movement  of  flexion, 
when  it  happened,  was  observed  only  at  centres 

67,  69,  64,   54,  6'; 

these,  with  one  exception,  form  a  group  immediately  in  front  of  the  fissure  of 
Rolando,  and  in  the  same  region  which  we  have  already  seen  in  the  case  of  "  all 
toes  "  to  be  connected  especially  with  the  flexion  movements  of  those  digits  as  well 
as  the  general  representation  of  the  hallux. 

As  we  shall  now  leave  the  consideration  of  the  movements  of  the  toes  for  that  of  the 
movements  of  the  ankle,  it  seems  to  us  very  desirable  to  make  further  reference  to 
the  fact  just  mentioned,  viz.,  the  peculiar  localisation  of  the  rare  movement  of  flexion 
of  the  small  toes  in  what  we  may  call  the  hallux  region  of  the  lower  limb  area. 

To  put  the  matter  in  a  simpler  light  than  is  offered  by  the  bare  record  of  observa- 
tions, let  us  state  again  that  the  whole  region  of  representation  of  the  lower  limb  is  a 
narrow  strip  running  along  and  forming  the  upper  fifth  of  the  convex  outer  surface  of 
the  excitable  region  in  the  hemisphere  ;  further,  that  the  middle  of  this  strip,  or 
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more  strictly  speaking,  the  junction  of  its  middle  and  posterior  thirds,  is  essentially 
the  seat  of  representation  of  the  hallux,  while  each  extremity  is  essentially  the  seat  of 
representation  of  the  small  toes. 

To  continue  :  the  commonest  primary  movement  of  the  hallux  differs  from  that 
of  the  small  toes  in  being  flexion  for  the  former  and  extension  for  the  latter. 
Consequently  we  may  say  that,  other  things  being  equal,  the  movement  of  flexion 
will  be  characteristic  of  the  more  central  portion  of  the  lower  limb  area,  while 
extension  will  be  more  marked  at  each  extremity  of  this  part.  Under  these  circum- 
stances it  seems  to  us  justifiable  to  entertain  the  belief  that  possibly  a  movement 
which  is  characteristic  of  any  given  segment  in  its  focus  of  representation  may  be  over- 
shadowed by  a  different  movement,  if  the  representation  of  that  segment  is  carried 
(diminishing  in  intensity,  of  course)  into  the  focal  region  of  some  other  segment  whose 
characteristic  movement  is  of  an  opposite  nature.  To  be  more  particular,  we  would 
suggest  then  that  this  is  the  reason  why  flexion  of  the  small  toes  is  observed  more 
frequently  as  the  representation  of  those  digits  (whose  characteristic  primary  move- 
ment is  extension)  invades,  as  it  were,  the  region  of  the  hallux  (whose  characteristic 
primary  movement  is  flexion).  We  do  not  wish  to  press  this  point  unduly,  for  the 
reason  that  the  actual  number  of  times  that  flexion  of  the  small  toes  occurred  is  not 
large;  but,  as  will  be  seen  on  reference  to  figs.  6,  8,  and  9,  the  existence  of  this 
remarkable  relation  between  the  representation  of  flexion  and  extension  in  the  toes 
is  undeniable. 

Eepresentation  of  the  Movements  of  the  Ankle  (Plate  41,  fig.  11). 

(i.)  Total  or  Absolute  Representation. — Movement  of  the  ankle  occurs  in  order  of 
decreasing  frequency  at  the  centres — 

'621 

68,61,         j,  1  677Q  I,  j, 
[7lJ 

On  comparing  these  numbers  with  fig.  1,  it  is  clear  that  the  ankle  is  not  specially 
represented  in  any  one  portion  of  the  lower  limb  area,  its  focus  only  being  situated  in 
the  centre  of  the  area,  and  its  intensity  decreasing  towards  the  borders  with  that  of 
the  limb  generally. 

The  total  number  of  times  that  we  observed  movement  of  the  ankle  was  198,  a 
number  which,  as  might  have  been  expected,  owing  to  the  relative  position  of  the 
joint  in  the  limb,  is  far  in  excess  of  that  of  any  other  part. 

(ii.)  Primary  Eepresentation. — In  marked  contrast  to  the  segments  already 
described,  primary  representation  of  the  ankle  is  of  rare  occurence,  being  observed 
only  36  times  out  of  198  actual  movements.    Although  occurring  so  rarely,  it  is 
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nevertheless  important  to  remark  that  it  was  observed  at  no  less  than  two -thirds 
(16  out  of  23)  of  the  centres  in  the  lower  limb  area,  thus  again  showing  the  general 
and  subordinate  character  of  the  representation  of  this  joint  as  compared  with  the 
focal  character  of  that  of  others. 

The  infrequency  of  occurrence  of  primary  movement  of  this  joint  diminishes,  of 
course,  the  value  of  any  arrangement  in  order  of  intensity  of  the  same,  and  therefore 
we  shall  do  no  more  now  than  state  the  arrangement  we  have  found — 

62,  59,  68,  74,  {™J,  jo9  j,  77,  {^},  75,  6. 

(iii.)  CJiaracter  of  Movement, — (a.)  Absolute, — The  movements  of  the  ankle  are  : — 
(a.)  Dorsal  flexion.    (By  this  we  mean  what  is  frequently  called  flexion  of  the  joint, 

i.e.,  when  the  toes  are  brought  upwards,  so  as  to  approach  to  the  front  of 

the  leg.) 

(b.)  Plantar  extension,    (By  this  we  mean  the  opposite  to  dorsal  flexion,  i.e., 
when  the  toes  are  pointed  downwards,  the  heel  being  drawn  upwards.  This 
movement  is  frequently  called  extension  of  the  ankle.) 
Note. — We  have  preferred  to  employ  these  arbitrary  terms  as  conveying  a  distinct 
notion  of  the  direction  in  which  the  foot  moves,  thus,  at  the  same  time  avoiding  the 
homologicaliy  false  use  of  the  simple  terms  flexion  and  extension, 
(c.)  Aversion. 
(d.)  Inversion. 

These  movements  (of  an  absolute  total  of  198)  occurred  in  the  following  order  of 
frequency  : — 

Dorsal  flexion  116  times 

E  version  31  „ 

Plantar  extension  ....  26  „ 
Inversion   .......      21  „ 

Confusion  between  dorsal  flexion  and  plantar  extension  was  noted  in  four  instances. 

The  analysis  of  the  localisation  of  the  movements  of  dorsal  flexion  and  plantar 
extension  respectively  gives  no  further  information  than  that  dorsal  flexion  is  repre- 
sented in  proportion  to  the  amount  of  general  representation  of  the  limb  as  a  whole. 
Further  that,  apparently  for  the  same  reason,  plantar  extension  was  only  observed  in 
the  middle  of  the  lower  limb  area,  especially  since  that  part,  as  we  have  just  shown, 
is  essentially  the  region  of  representation  of  true,  i.e.,  homologous,  flexion  rather  than 
of  extension. 

The  movements  of  eversion  and  inversion  deserve  a  passing  notice.  Their  distribu- 
tion in  the  lower  limb  area  appears  to  be  guided  only  by  the  relative  degree  of  repre- 
sentation of  the  limb  in  the  various  parts  of  its  cortical  area. 
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In  examining  the  question  as  to  whether  there  exists  any  correlation  between  dorsal 
flexion  and  plantar  extension,  on  the  one  hand,  and  eversion  and  inversion,  on  the 
other,  we  have  found  that  the  synergic  relation  between  these  movements  was  no  more 
than  the  simple  relation  of  probable  frequency  in  proportion  to  the  amount  of  actual 
representation  of  each.  Hence  it  is  impossible  to  make  any  generalisations  on  this 
point. 

(b.)  Primary  Movement. — The  number  of  times  that  primary  movement  was 
observed  was  36.    Of  this  number, 

Dorsal  flexion  occurred  .  .  14  times 

Eversion  .  .  12  ,, 

Plantar  extension  ,,  .  8  ,, 

Inversion  .  .      2  ,, 

Beyond  the  obviously  altered  relation  in  the  degree  of  representation  which  these 
movements  bear  to  one  another  when  primarily  represented  and  when  arranged  in  the 
order  of  the  number  of  total  representation,  i.e.,  all  movements  observed,  there  is 
nothing  further  to  be  remarked  upon  this  point,  save  to  mention  that  this  small  degree 
of  primary  representation  is  found,  as  might  be  expected,  just  in  the  middle  of  the 
lower  limb  area,  i.e.,  around  and  especially  in  front  of  the  upper  part  of  the  fissure  of 
Rolando. 


Representation  of  the  Movements  oe  the  Knee  (Plate  41,  fig.  12). 


(i.)  Total  or  Absolute  Representation. — Movement  of  the  knee  occurs  in  order  of 
decreasing  frequency  at  the  centres  : — 


{SM 


67 
71 


70,  < 


f  55\    f61\    f  72 


75' 
76 
59 
6 


>'  58, 


f  521 
[98j 


The  knee  is  thus  represented  all  over  the  entire  lower  limb  area,  the  total  number  of 
movements  observed  being  141  (cf.  Ankle). 

Further  on  we  shall  draw  attention  to  the  fact  that  the  movements  of  the  knee  are 
essentially  dependent  upon  those  of  the  hip. 

(ii.)  Primary  Representation. — The  knee  we  have  observed  to  move  primarily  only 
ten  times,  i.e.  -^7-th  of  the  total  primary  movements  of  all  the  segments  of  the  lower 
limb.  And,  moreover,  of  these  ten  times,  in  four  it  w-as  associated  with  other  synergic 
primary  movements,  i.e.,  of  hip  and  other  joints.  Consequently  its  rdle  as  a  joint  of 
primary  movement  is  most  insignificant,  and  we  shall  return  to  this  question  in 
discussing  the  representation  of  "  purposive  "  actions  of  the  limb. 

MDCCCLXXXVIII. — B.  2  G 
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(iii.)  Character  of  Movement. — (a.)  Absolute. — Of  the  total  number  of  movements 
observed, 

Flexion  occurred  .    .    .    .    118  times 
Extension    „       .    .    .  ■.      12  „ 
Rotation  in  „       ....       7  „ 


and  confusion  was  noted  in  four  instances. 

The  movement  of  extension,  it  is  important  to  obseiwe,  occurred  at  the  following 
centres  in  order  of  frequency  : — 

f54 
!  68 
69 
75 


>>  lei)'  |i 


and  hence,  though  rare,  it  is  represented  about  the  same  region  as  is  the  equally 
rare  movement  of  flexion  of  the  small  toes,  i.e.,  close  to  the  fissure  of  Rolando.  This, 
as  we  have  pointed  out  before,  is  the  focus  of  representation  of  the  limb,  and  perhaps 
the  rare  movements  of  extension  and  rotation  in,  which  occur  at  the  centres  : — 


68, 


6 
6 

«<  69  j>, 
'  70 
73  J 


owe  their  representation  to  the  fact  that,  this  being  the  middle  of  the  lower  limb  area, 
the  cortex  here  is  most  highly  organised,  and  thus  possesses  centres  for  every  move- 
ment of  all  the  joints. 

(b.)  Primary. — The  10  primary  movements  of  the  knee  were  all  flexion,  with  one 
exception,  viz.,  rotation  in. 


Representation  op  the  Movements  of  the  Hip  (see  Plate  41,  fig.  13). 


(i.)  Total  or  Absolute  Representation. — Movement  of  the  hip  occurs  in  order  of 
decreasing  frequency  at  the  centres  : — 


"54" 
62 
64 
73 
6' 


591 

69 

72 

75 

76 


,  77,58,52, 


The  hip  is  thus  represented  most  in  the  middle  or  focus  of  the  lower  limb  area, 
moving  altogether  177  times. 
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(ii.)  Primairy  Representation. — The  hip  is  primarily  represented  in  the  following 
centres  in  order  of  diminishing  intensity  : — 

54,76,75,  {jf},  55,  { \\ \ ,  52,  59,  61. 

We  must  first  call  attention  to  the  important  deduction  which  these  figures  reveal, 
namely,  that  the  hip  is  primarily  represented  in  but  11  out  of  the  23  centres  of  its 
total  or  absolute  representation ;  further  that  the  centres,  where  it  was  observed  to 
move  primarily,  are  exactly  the  counterpart  of  those  where  the  hallux  is  especially 
primarily  represented.  In  accordance  with  the  same  fact,  it  is  to  be  noted  that  behind 
the  fissure  of  Rolando  the  hip  is  only  represented  in  two  centres,  viz.,  76  and  75, 
and  that  these  centres  are  situated  at  the  lower  border  of  the  area  of  representation 
of  the  limb.  This  localisation  of  the  hip  to  the  lower  border  of  the  area  is  equally 
strongly  marked  in  front  of  the  fissure  of  Rolando,  and  culminates  in  the  fact  that 
the  centre  in  which  most  primary  representation  of  the  hip  was  found  to  occur  is  the 
lowest  and  most  anterior  of  the  whole  lower  limb  group,  viz.,  centre  54.*  Primary 
movement  of  the  hip  was  observed  only  27  times. 

(iii.)  Character  of  Movement. — (a.)  Absolute. — Of  177  movements, 


Flexion  occurred  .    .    .    .    .  118  times 

Rotation  out   ,,   35  ,, 

Extension       „   23  ,, 

Confusion       ,,   4  ,, 

Abduction    2 


Rotation  in     ,,   1  ,, 


Extension,  remarkably  rare  in  occurrence,  was  observed  at  the  following  centres  in 
order  of  decreasing  frequency — 

f52'l 
55  |         64  | 

6,  6',    <j  61  V,    \  62  y. 

75  J  69 

172 


It  is  evident  from  these  figures  that  this  infrequent  movement  is  most  represented 
in  the  neighbourhood  of  centre  6,  both  behind  and  in  front  of  the  fissure  of  Rolando. 
Rotation  out  occurs  at  centres  : — 


*  Here  we  should  remark  that  centre  51,  although  a  border  centre,  whero  various  parts  of  the  body- 
are  represented  (see  p.  238),  is  also  a  centre  where  the  hip  is  notably  represented  in  primary  movement 
(sec  also  Tabic  I.). 

2  G  2 
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r  52" 

58 
64 
72 
76 
6' 


But  there  does  not  seem  to  be  any  definite  localisation  of  the  movements, 
(b.)  Primary. — Of  the  27  primary  movements  : — 

12  were  flexion, 
10    „  extension, 
5    ,,    rotation  out. 

Flexion  as  a  primary  movement  was  most  marked  at  54  (6  times),  then  at  76 
(twice),  59,  64,  6',  75. 

Extension  was  most  marked  at  6,  then  75,  52,  61,  64,  61'. 

Although  so  seldom  moving  primarily,  it  is  interesting  to  note  that  when  this  did 
occur,  the  hip  was  nearly  as  often  extended  as  flexed ;  while  on  the  other  hand,  as 
noted  above,  in  the  movements  of  the  joint  of  secondary,  tertiary,  and  quaternary 
sequence,  extension  was  extremely  rare  as  compared  to  flexion. 


March  or  Sequence  of  Movements  in  the  Segments  of  the  Lower  Limb. 

(See  fig.  14,  p.  213.) 

The  sequence  of  movements  successively  invading  the  various  segments  of  the  limb, 
when  any  given  point  in  the  cortex  is  excited,  varies  in  mode  according  to  the  segment 
in  which  the  movement  commences.  For  this  reason  the  facts  are  best  grouped 
together  according  to  the  seat  of  the  primary  movement.  Thus  we  have  different 
types  named  after  the  various  segments  of  the  limb.  We  commence  with  the  most 
frequent. 

Class  I.— -Hallux  Type,  observed  at  centres  61,  62,  65,  67,  68,  69,  70,  71,  72. 

The  march  of  the  muscular  spasm  when  commencing  with  movement  of  the  hallux 
is  very  constant,  the  order  of  joints  affected  being  almost  invariably  : — 

Hallux,  Small  Toes,  Ankle,  Hip,  and  Knee. 

In  a  relatively  considerable  number  of  instances  the  hip  and  knee  moved  simul- 
taneously, and  in  one  the  movement  of  the  knee  preceded  that  of  the  hip. 
The  character  of  movement  in  the  march  was  as  follows  : — 
|  flexed* 

Ilallaxi       or       y  ;  Small  Toes  extended;  Ankle  dorsally  flexed;  Hip  flexed; 
extended  |  Knee  flexed. 

*  Flexion  more  frequently  than  extension  (see  p.  219). 
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The  general  effect  produced  was  thus,  of  course,  a  drawing  up  of  the  limb  with 
extension  of  the  digits.  The  movement  of  flexion  of  the  knee  might  thereby  gain  a 
fictitious  importance,  if  we  did  not  at  this  moment  explain  that  it  was  very  frequently 
simply  secondary  to,  and  necessitated  by,  the  flexion  of  the  hip.  It  has  already  been 
pointed  out  what  a  very  subordinate  position  the  knee  occupies  among  the  joints  of 
the  limb,  and  especially  that  it  is  practically  never  primarily  represented. 


Class  II. — "All  Toes"  Type,  observed  at  centres  64,  58,  59,  72,  52,  54,  73,  77. 

The  character  of  the  movement  and  the  order  was  : — 

All  Toes  extend  ;  Ankle  dorsally  flexed ;  Hip  flexed  ;  Knee  flexed. 

At  each  of  the  three  last  centres  mentioned  above  there  was  once  presented  a  slight 
variation  in  the  order  of  the  march ;  but,  being  so  infrequent,  these  variations  were 
not  deemed  sufficiently  important  to  merit  separate  description. 


Class  III—  "Small  Toes"  Type,  observed  at  55,  64,  78. 

This  type,  only  occurring  three  times,  presents  considerable  confusion  of  arrange- 
ment, which  deprives  it  of  much  importance.  The  localisation  of  the  commencement 
of  the  march  was  fairly  constant,  viz.,  movement  of  the  small  toes,  followed  by  that 
of  the  hallux.  Consequent  on  the  movement  of  the  hallux  we  should  naturally  have 
expected  movement  of  the  ankle,  and  then  of  the  hip  and  knee.  At  centres  64  and  78 
this  was  indeed  the  case,  but  at  centre  55  movement  of  the  ankle  terminated  the 
march. 

It  will  be  remembered  that  in  a  few,  comparatively  rare,  instances  the  ankle,  knee,  and 
hip  commenced  movement  in  the  limb.  It  appeared  to  us  likely  that  some  interesting 
facts  might  be  obtained  by  analysing  these  exceptional  cases.  This  we  did,  and  the 
results  are  best  arrived  at  in  the  following  order  : — 

(a.)  Anile  Type. — The  study  of  the  march,  when  the  movement  is  begun  by  the 
ankle,  gave  the  following  order,  which  was  fairly  constant,  viz.  : — 

Ankle,,  Toes,  Hip,  Knee. 

(b.)  Knee  Type—  Similarly,  summation  of  the  instances  when  the  primary  move- 
ment began  in  the  knee  was  productive  of  the  following  result,  as  the  most  usual 
order  of  the  march,  viz.  : — 

Knee,  Hip,  Ankle,  Toes. 

(c.)  Tlie  Hip  Type.— The  commonest  order  of  movement  in  this  type  was  found 
to  be  : — 

Hip,  Knee,  Ankle,  Toes. 
Comparison  of  arrangement  in  each  of  these  more  unusual  marches  with  thai  of  the 


230 


DR.  C.  E.  BEEVOIl  AND  PROFESSOR  V.  HORSLEY  ON  THE 


common  types  described  on  pp.  228,  229  seems  to  us  to  suggest  that  the  mechanism 
of  a  cortical  motor  centre  is  almost  constant  in  arrangement,  and  that  for  the 
lower  limb  it  may  schematically  be  represented  thus  (fig.  15). 


Fig.  15. 


In  this  schematic  figure  the  lines  connecting  the  limb  segments  are  made  dark, 
dotted,  or  white  to  show  the  difference  in  amount  or  degree  of  association  existing 
between  the  representation  of  the  knee  and  hips,  and  between  that  of  the  ankle  and 
toes  respectively.  (It  must  not  be  forgotten  that  this  association  is  not  only 
psychical  in  origin,  but  is  also  conditioned  by  the  anatomical  configuration  of  the 
muscles  moving  the  various  segments,  whereby  it  happens,  for  example,  that  the 
hip  cannot  be  notably  flexed  without  similar  movement  of  the  knee,  and  again,  that 
the  powerful  flexion  of  the  toes  causes  plantar  extension  of  the  foot.) 

Now  the  flow  of  energy  which  most  frequently  follows  excitation  is  from  T  along 
the  direction  of  the  arrow  a  to  H,  but  occasionally  it  is  in  the  reverse  direction, 
from  H  along  the  direction  of  the  arrow  to  T.  This  simple  reversion  of  the  current 
Dr.  Hughlings  Jackson  fully  described  many  years  ago,  as  occurring  in  disease  of 
the  cortex  in  Man,  and  therefore  we  need  not  further  consider  it  here.  But,  as  we 
have  just  stated,  in  certain  exceptional  cases  the  flow  of  energy  may  start  from  A  or 
from  K.  Of  tbese  two  A.  is  by  far  the  more  important,  the  movements  of  the  knee 
being  so  very  largely  conditioned  by  those  of  the  hip.  Now,  when  the  initial  spasm 
affects  the  ankle,  it  is  clear  from  the  order  in  tbe  ankle  type  of  march  that  the  energy 
flows  in  tbe  more  unusual  direction  of  the  arrow  j3,  and  so  really  simply  continues 
the  hip  type  of  march.  This  mode  of  regarding  the  ankle  type  of  march  is  of  value 
as  enabling  us  without  exaggeration  to  harmonise  what  might  otherwise  appear  to  be 
conflicting  observations. 
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Moreover,  the  Knee  Type  also  probably  conforms  to  the  same  system,  although  the 
order,  viz.,  K,  H,  A,  T  seems  at  first  sight  to  be  wholly  exceptional.  The  explanation 
of  this  may  possibly  be  that  the  movements  of  the  knee  are  so  dependent  on  those  of 
the  hips  as  to  bring  their  seats  of  representation  in  far  closer  connection  than  the 
union  of  the  knee  division  of  the  area  with  its  other  neighbour  (anatomically  and 
schematically  speaking)  the  ankle  division.  Hence,  given  the  movement  commencing 
in  K,  the  course  it  will  theoretically,  and  actually  as  observed  by  experiment,  take  is 
K,  H,  A,  T,  and  not  K,  A,  T,  H. 


PART  VI. — REPRESENTATION  OF  THE  MOVEMENTS  OF  THE  UPPER  LIMB. 


In  our  former  Paper  in  the  'Philosophical  Transactions,'  loc.  cit.,  we  considered  the 
representation  of  the  upper  limb  as  it  occurred  in  the  anterior  half  of  the  ascending 
parietal  convolution.  In  the  present  paper  we  supplement  our  former  account  by  a 
description  of  the  movements  obtained  when  the  posterior  half  of  that  convolution  is 
stimulated. 

It  will  be  useful  if  we  now  give  in  their  positions  the  figures  indicating  the  centres 
into  which  we  divided  the  anterior  half  of  the  middle  two-fourths  of  the  ascending 
parietal  convolution  in  our  previous  paper,  and  those  of  the  posterior  half  adopted 
in  the  present  research — 

80  79  11 
82    81  9 

83  8' 

85  8 

87  7' 
7 

Above  80,  79,  11  is  the  parietal  lobule.    (See  also  fig.  2.) 

In  our  former  paper  we  contented  ourselves  with  describing  in  one  table  the 
primary  movement,  the  march,  and  the  character  of  all  the  movements  obtained.  In 
the  present  instance,  however,  we  shall  follow  the  more  minute  arrangement  adopted 
in  the  foregoing  pages. 

We  shall  now  describe  the  movements  of  the  various  segments  in  the  order  of 
thumb,  fingers,  wrist,  elbow,  shoulder. 

Representation  op  the  Movements  of  the  Thumb. 
(See  fig.  16,  which  with  figs.  17,  18,  19,  and  20  are  extensions  of  the  diagrams  of  the 
representation  of  the  upper  limb  segments  given  in  our  former  paper). 

(i.)  Total  or  Absolute  Representation.— The  thumb  is  represented  along  the  posterior 
part  of  the  ascending  parietal  convolution  in  the  lowest  four  centres  only,  as  follows, 
commencing  with  the  most  important, 
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87,  85,  83,  81. 

The  total  number  of  times  movement  was  observed  was  40  (39  at  centres  87,  85,  83). 

(ii.)  Primary  Movement. — The  thumb  moved  primarily  at  centres  87,  85,  83.  It 
is  most  essential  that  we  should  here  point  out  that  at  centre  87  not  only  did  every 
movement  of  the  thumb  occur  as  a  primary  movement,  but  also  that  no  other  segment 
of  the  limb  participated  in  such  primary  movement.  It  is  further  to  be  remarked 
that  at  centres  85  and  83  the  primary  movements  almost  equalled  in  number  the 
absolute  representation.    (See  Table  I.,  p.  252.) 

(hi.)  Character  of  the  Movements.— (a.)  Absolute. — Of  the  40  movements  of  the 
thumb, 

26  were  flexion  and 
14    ,,  opposition. 

Consequently  the  general  movement  of  flexion  of  the  digit  into  the  palm  was  the  only 
movement  obtained. 

(b.)  Primary. — Of  37  movements, 

25  were  flexion  and 
12    ,,  opposition. 

These  facts,  coupled  with  those  we  noted  in  our  previous  paper,  leave  it  beyond 
doubt  that  this  region,  viz.,  the  middle  third  of  the  ascending  parietal  convolution, 
is  the  focus  of  representation  of  the  movements  of  the  thumb. 


Kepresentation  op  the  Movements  of  the  Fingers  (See  Plate  42,  fig.  17). 

(i.)  Total  or  Absolute  Representation. — The  fingers  are  represented,  in  order  of 
diminish  ing  intensity,  at  the  centres  : — 

"79] 

85,  83,  87,  82,  11,  <|  ®J  L  6'. 

6  j 

It  is  worthy  of  remark  that  at  85  the  representation  of  the  fingers  was  found  to  be 
present  15  times,  in  contrast  to  8  times  at  87  and  7  times  at  83. 
The  total  number  of  movements  observed  was  54. 

(ii.)  Primary  Representation. — Primary  movement  of  the"  fingers  was  observed  at 
the  following  centres,  in  order  as  before  : — 

82,  85,  83,  81  * 

On  close  scrutiny  we  found  that  at  centre  85  the  index  finger  was  primarily 

*  Note  complete  absence  of  primary  representation  of  the  fingers  at  centre  87. 
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represented  no  leas  than  4  times  in  association  with  the  thumb.  The  chiefest  repre- 
sentation of  the  fingers  all  moving  together  is  centralised  at  82.  Thus  there  exists, 
as  might  have  been  surmised,  a  gradation  from  above  down  of  primary  representation 
of  all  fingers,  index,  and  thumb  at  the  centres  82,  85,  and  87  respectively. 

(iii.)  Cliaractei*  of  Movement. — (a.)  Absolute. — Of  the  total  number  of  54  movements, 

35  were  flexion, 
15     ,,  extension, 
4     „    "  interosseal  position." 

At  centre  85,  where  the  greatest  number  of  movements  occurred,  of  15  observations 
flexion  occurred  14  times.    And  at  87  also  flexion  was  alone  obtained. 

In  striking  contrast  to  this  representation  of  flexion  at  the  lowest  part  of  this  region, 
we  find  the  movement  of  extension  is  alone  represented  at  the  highest  part  of  the 
region,  viz.,  at  centres  11  and  79.  In  front  of  the  fissure  of  Rolando,  a  somewhat 
different  arrangement  prevails  at  the  upper  part  of  the  upper  limb  area.  Here,  as  we 
showed  in  our  previous  paper,  movement  of  the  fingers  occurred  very  slightly  in 
degree  and  very  late  in  time,  and  the  character  of  this  late  and  feeble  movement 
was  flexion.  This  fact  we  have  now  confirmed  in  our  re-examination  of  the  border 
centres  6  and  6'  (situated  between  the  upper  and  lower  limb  centres). 

(b.)  Primary— Of 11  movements, 

4  were  flexion, 

3  „  extension, 

4  „    abduction  of  the  index. 

The  rarity  of  primary  movement  of  the  fingers  here  indicated  is  explicable  by  the 
fact  that  in  the  ascending  parietal  gyrus  the  movements  of  the  fingers  are  almost 
universally  secondary  to  those  of  the  thumb.  Thus  of  fifteen  absolute  movements  of 
the  "all  fingers"  (i.e.,  excluding  primary  movements  of  the  index),  only  1  was  a 
primary  movement,  and  that  was  associated  with  the  thumb.  Reference  also  to 
the  plate  in  our  former  paper  and  to  fig.  14  shows  this  important  preponderating 
influence  of  the  thumb. 

Representation  of  the  Movements  of  the  Wrist.    (See  fig.  18.) 

(i.)  Total  or  Absolute  Representation. — The  movements  of  the  wrist  are  represented 
in  the  following  centres,  arranged  in  order  as  before : — 

**.  {£}.  \rX  (tF 

The  total  number  of  movements  observed  was  4  0. 

MDCCCLXXXVIII. — B.  2  H 
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(ii.)  Primary  Representation. — The  wrist  initiated  movement  of  the  limb  at  the 
following  centres  : — 

jjjl  j,  83,  6',  85,  jjg  j,  6. 

Altogether  16  movements  were  observed.  The  universality  of  representation  of 
this  joint  in  nearly  all*  the  centres  for  the  upper  limb  now  under  consideration,  again 
demonstrates  the  condition  described  in  our  former  paper,  viz.,  that  this  joint  is 
subordinate  to  the  movements  of  the  other  segments  of  the  limb,  and  notably  to  those 
of  the  digits. 

(iii.)  Character  of  Movement.—  (a.)  Absolute.— Of  the  40  movements  observed,  no 
less  than 

21  were  pronation, 
14  extension, 

4     ,,  supination, 

1  was  ulnar  adduction. 

Thus,  while  in  no  case  was  flexion  observed,  it  is  most  noteworthy  that  pronation 
was  the  commonest  movement.  We  would  like  again  to  quote  the  opinion  expressed 
in  our  former  paper  as  to  the  important  part  played  by  the  movement  of  extension  of 
the  wrist  in  fixing  the  hand  as  a  prefatory  procedure  in  delicate  movements  of  the 
digits,  but  we  would  insist  that,  even  more  than  extension,  pronation  is  absolutely 
essential  to  the  correct  performance  of  accurate  and  minute  movements  of  the  thumb 
and  forefinger,  the  most  highly  specialised  of  the  fingers.  We  therefore  find  the 
wrist  represented  immediately  above  (i.e.,  preceding  functionally)  the  areas  for  the 
latter  segments.  The  movement  of  supination  was  noted  at  centres  87  and  85,  but 
nowhere  else,  and  occurred  at  the  end  of  the  act  (vide  March,  infra). 

(b.)  Primary. — Of  a  total  of  16  primary  movements  every  one  was  pronation  (vide 
March). 

The  intensity  or  degree  of  representation  of  this  movement  corresponds  to  the  order 
given  in  (ii.)  that  of  the  primary  representation  of  the  joint. 

Representation  of  the  Movements  ojt  the  Elbow.    (See  Plate  42,  fig.  19.) 

(i.)  Total  or  Absolute  Representation. — The  movements  of  the  elbow  are  represented 
at  the  following  centres,  arranged  in  order  of  decreasing  intensity  : — 

f81 

6,  11,  79,  6',  83,  <^  82 
L  85 

The  total  number  of  movements  observed  was  50. 


*  Nino  out  of  ten. 
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(ii.)  Primary  Representation. — The  elbow  initiated  the  movements  of  the  limb  in  9 
instances  at  7  centres  : — 

80,  6'  6''  U'  83' 

Proportionately  we  thus  see  that  the  elbow  is  very  generally  though  feebly  primarily 
represented  (cf.  the  Wrist). 

(iii.)  Character  of  Movement,    (a.)  Absolute. — Of  the  50  movements, 

26  were  extension, 
23    „  flexion, 
1  was  confusion. 

These  opposed  movements  were  grouped  thus  :  extension  alone  was  obtained  at  6 
(12  times),  6'  (5  times),  and  81  ;  whereas  flexion  alone  was  obtained  at 

83,  {»},  87. 

At  centres  11,  79,  and  80,  viz.,  the  neutral  ground  between  the  two  extremes  just 
detailed,  both  flexion  and  extension  were  nearly  equally  represented,  with,  however 
slight  predominance  of  the  former. 

(b.)  Primary. — Of  the  50  total  or  absolute  movements  of  the  elbow,  only  9  were 
primary,  this  notably  illustrating  its  subordinate  importance.  Of  these,  6  were 
extension  and  3  were  flexion.  The  distribution  of  these  primary  movements  was  the 
same  as  that  of  the  absolute  movements. 

Representation  of  the  Movements  of  the  Shoulder.    (See  Plate  42,  fig.  20.) 

(i.)  Total  or  Absolute  Representation. — Altogether  62  movements  of  the  joint  were 
observed,  occurring  at  the  following  centres,  in  order  of  diminishing  frequency  : — 

11,   79,   6',   81,  82, 

The  important  fact  here  exhibited,  namely,  that  the  shoulder  is  not  represented  at 
centres  85  and  87,  will  not  escape  notice  (vide  March,  infra).  On  the  other  hand, 
of  14  total  primary  movements  at  centre  79,  the  shoulder  claims  no  less  than  13  ;  and 
for  centre  11,  out  of  a  total  of  14,  it  claims  12.  Thus,  the  localisation  of  the 
shoulder,  like  that  of  the  thumb,  is  very  perfectly  defined. 

(ii.)  Primary  Representation  — The  shoulder,  like  the  thumb,  being  an  important 
joint  in  the  initiation  of  movements,  moved  primarily  34  times  at  the  following 
centres,  in  the  order  of  diminishing  intensity  : — 

79;   11,   81,  6, 
2  II  2 
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(iii.)  Character  of  Movement,    (a.)  Absolute. — Of  the  total  of  62  movements, 

28  were  adduction, 

15     „  advancing, 

11     ,,  retraction, 

4     ,,  elevation, 

3     ,,  rotation  in, 

1  was  rotation  out. 

Adduction. — Occurred  at  : — 

«• ^      {!}• 6- 

More  than  half  (15)  of  the  instances  were  observed  at  11  and  79.  The  same  thing 
was  observed  for  the  movement  of  retraction,  the  explanation  probably  being  that 
these  movements  are  associated,  as  we  have  shown  in  addition  that  this  is  the  region 
of  greatest  representation  of  the  joint. 

Advancing. — This  movement — one  of  great  importance  and  interest — with  the 
exception  of  being  once  observed  at  centre  82,  was  represented  solely  in  front 
of  the  fissure  of  Rolajstdo,  namely,  at  6  and  6'  (8  times  and  6  times  respectively). 

Elevation  was  noted  3  times  at  79  and  once  at  11  out  of  the  total  of  the 
4  occasions  on  which  it  was  observed,  thus  being  closely  localised. 

(b.)  Primary. — Of  the  36  primary  movements  of  the  shoulder  {i.e.,  including  com- 
binations), 

22  were  adduction, 
9  retraction, 
4     ,,  elevation, 
2     „  advancing. 

Primary  movement  of  adduction  was  observed  at : — 

{H},  6,  81,  jVoJ; 

1 1  and  79  equally  gave  7  instances  of  this  movement,  so  that  it  was  represented 
14  times  out  of  22.    Retraction  occurs  almost  entirely  at  11  and  79. 


It  will  now  be  fitting  to  discuss  the  order  of  combination  of  the  movements  of  the 
various  segments. 
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March  or  Sequence  of  Movements  in  the  Segments  of  the  Upper  Limb 

(see  Table  II.  and  fig.  14). 

As  the  centres  in  which  the  upper  limb  is  represented  are  so  few  in  number  in  the 
present  research,  we  have  deemed  it  best  to  give  the  march  of  the  movements  in  full 
at  each  spot,  in  a  tabular  form. 

Table  II. 


Centre. 

Primary. 

Secondary. 

Tertiary. 

11 

Shoulder  add.,  retract. 

Elbow  flex  

Fingers  extend.  Wrist 
ext. 

79 

Shoulder,   add.,  retract., 

Elbow  flex  

Fingers  ext. 

elevate. 

80 

Border  centre  .... 

ISee  p.  238. 

81 

Border  centre  .... 

82 

"Wrist  pronated  .... 

Fingers  interosseal 

Elbow    flex.  Shoulder 

flex. 

adduct. 

83 

Thumb  flexed,  opposed  . 

Wrist  pronated. 

Elbow  flexed.  Shoulder 

Fingers  flexed. 

add.  (2) 

85 

Thumb  flexed,  opposed. 

Fingers  flexed  .    .  . 

Wrist    extend.  Elbow 

Index  opposed 

flex. 

87 

Thumb  flexed,  opposed  . 

Fingers  flexed  . 

Wrist  extend,  supinate. 

Elbow  flex. 

The  march  in  this,  the  posterior  half  of  the  ascending  parietal  convolution,  is  more 
differentiated  than  that  of  the  anterior  half  and,  a  fortiori,  than  that  of  the  ascending 
frontal  convolution. 

In  the  upper  part  of  the  region  it  passes  steadily  down  the  limb,  and  in  the  lower 
part  as  steadily  up  the  limb. 

In  this  connection  it  is  very  important  to  observe  the  real  position  and  value  of  the 
index  finger.  Thus,  at  centre  85  the  march  is  very  distinctly  in  the  order  of :  thumb, 
index  finger,  the  other  fingers,  wrist,  and  elbow.  So  at  this  part,  where,  as  we  have 
already  seen,  the  index  possesses  some  primary  representation,  it  forms  a  distinct  item 
in  the  march.  Further,  it  is  most  noteworthy  that  the  wrist  is  invariably  pronated  in 
the  upper  part  of  the  region  now  under  consideration.  The  importance  of  this  fact 
has  already  been  alluded  to  in  considering  the  necessary  succession  of  movements  m 
the  performance  of  the  highly  evolved  actions  of  the  thumb  and  index  finger. 

At  the  same  time,  it  is  of  great  interest,  in  connection  with  the  development 
of  psychical  energy,  to  see  that  the  representation  of  the  shoulder  does  not  proceed 
lower  than  centre  83,  while  at  the  same  time  also  the  representation  of  the  thumb 
extends  upwards  to,  but  not  beyond,  the  same  centre. 
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Character  of  Movement  in  the  March. 

There  are  several  differences  in  the  character  of  the  successive  movements  repre- 
sented in  the  ascending  parietal  convolution  and  those  in  the  ascending  frontal 
convolution.  Thus,  the  shoulder  in  the  parietal  gyrus,  instead  of  exhibiting  the 
representation  of  "  advancing,"  as  in  the  frontal  gyrus,  is  almost  invariably  adducted 
and  retracted  (rarely  elevated)  at  the  centres  11  and  79. 

PART  VII. — MISCELLANEOUS  FACTS. 

There  are  several  facts  of  general  interest  which  have  come  to  light  in  the  course 
of  our  experiments. 

(1)  The  Border  Centres  (see  fig.  3). 

We  have  employed  this  term  to  denote  those  centres  which  are  situated  along  the 
lines  separating  continuous  areas  of  representation. 
The  centres  which  come  into  this  category  are  : — 

31,  36,  37,  38,  39,  50,  51,  6,  6',  80. 

The  representation  of  function  at  each  of  these  centres  is  best  seen  by  summing 
the  absolute  representation  at  each  point,  and  the  results  of  this  method  we  shall 
now  state. 

Thus,  for  example,  at  centre  31 — 


Head  turned  to  the  opposite  side   7  times 

Head  and  eyes  turned   3  „ 

Eyes  opened   5  „ 

Eyes  turned  to  opposite  side   3  „ 

Shoulder  advanced   7  ,, 

Shoulder  rotated   3  ,, 

Elbow  extended  ,    .    .    .  5  ,, 

Elbow  flexed   2 

Wrist  extended   4  „ 


Thus  centre  31  is  clearly  the  seat  of  a  simple  fusion  of  the  movements  of  the  upper 
limb  and  those  of  the  head  and  eyes.  Centre  31  thus  serving  as  an  example,  it  will 
be  similarly  found  on  referring  to  Table  I.  that  at — 
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Centre  36    We  have  fusion  of  the  movements  of  the« 


371 
38 
39 


1 


50 


51 


6 
6' 
80 


r  Head  and  eyes 
and 
Upper  limb. 

{Head  and  eyes, 
t  Fpper  limb, 
Lower  limb. 

f  Head  and  eyes, 
<  Upper  limb, 
[_  Lower  limb. 

f  Head  and  eyes, 

Upper  limb, 
[_  Lower  limb. 

f  Upper  limb, 


Lower  limb. 


From  the  extreme  limitation  of  the  effects  of  excitation  in  the  thumb  region,  it  is 
clear  that  the  fusion  of  repi-esentation  observed  at  the  above  described  border  centres 
cannot  be  due  to  spread  of  the  current,  but  is  to  be  interpreted  as  evidence  of  the 
gradual  character  of  the  evolution  of  representation  of  movements  in  the  cortex. 
Such  evolution  would  suggest  the  overlapping  of  the  function  of  one  region  by  that 
of  another,  and  the  more  so  in  proportion  as  the  parts  are  commonly  moved  in 
association. 

(2)  Epilepsy. 


This  we  observed  to  follow  the  weak  excitation,  we  always  employed,  at  centres — 

33,  40,  50,  51(2),  54<2>,  58,  62,  65<2),  67,  68,  69,  6',  72,  75. 

(!)  Noted  twice. 

It  will  thus  be  seen  that  the  focus  of  the  area  of  representation  of  the  lower  limb  is 
the  commonest  seat  of  epileptiform  disturbance.  This  maybe  due  to  the  fact  that  the 
different  regions  of  the  lower  limb  area  do  not  equally  respond  to  the  same  stimulus, 
so  that  the  same  current  just  sufficient  to  evoke  movement  from  one  centre  may  cause 
overaction  of  another.  Though  it  is  undoubtedly  a  fact  that  some  centres  are  more 
easily  excited  than  others,  still  we  do  not  put  this  prominently  forward  in  any  other 
sense  than  as  a  suggestion  towards  the  interpretation  of  the  above-described  locali- 
sation of  the  tendency  to  the  development  of  epileptiform  convulsions. 
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(3)  Movements  of  Second  and  Third  Toes. 

In  Monkey  40,  centre  G5,  and  in  Monkey  38,  centre  68,  the  second  and  third 
toes  began  the  movement  of  the  limb,  independently  of  the  other  toes.  The  move- 
ment in  the  first  case  was  that  of  extension  of  the  second  and  third  toes,  in  the  other 
it  was  that  of  ojiposition.  Of  course,  in  the  Monkey,  the  second  toe  is  the  homo- 
logue  of  the  index  finger,  and  consequently  is  occasionally  associated  in  movement 
with  the  hallux,  as  a  primary  movement ;  thus,  at  centres  65  and  68  in  Monkeys  25 
find  40  respectively,  separation  of  these  two  digits  was  observed  in  the  former, 
followed  by  extension  of  all  the  toes,  while  in  the  latter  opposition  took  place.  The 
march  of  the  movements  at  these  centres  makes  it  quite  clear  that  in  these  instances 
the  second  and  third  toes  occupy  undoubtedly  a  truly  primary  position,  since  move- 
ment of  these  is  followed  by  that  of  all  the  other  toes. 

(4)  Purposive  Movements. 

(a.)  Head  and  Eyes— It  is  well  worth  while  to  shortly  review  the  so-called 
voluntary  or  purposive  movements  in  the  light  of  the  facts  detailed  in  the  foregoing 
pages.  In  the  first  place,  rotation  of  the  head  and  eyes  to  one  side  is  a  necessary 
accompaniment  of  all  the  highest  movements.  This  will  probably  explain  the  fact 
that  this  rotation  of  the  head  and  eyes  is  represented  over  the  whole  breadth  of  the 
hemisphere  reaching  from  near  to  the  fissure  of  Sylvius  below  to  the  middle  line 
above.  It  is  thus  in  close  apposition,  from  below  upwards,  to  the  areas  for  the  face, 
the  upper,  and  the  lower  limbs,  respectively.  It  is,  moreover,  the  area  which  inter- 
venes between  the  presumably  higher  psychical  centres  of  the  prefrontal  region  and 
the  lower  areas  for  the  face  and  limbs;  hence,  it  seems  probable  that  impulses 
proceeding  from  these  higher  centres  will  traverse  the  area  for  the  head  and  eyes  on 
their  way  to  the  areas  for  the  limbs. 

(b.)  Upper  Limb.— We  can,  with  advantage,  add  to  what  we  said  about  the 
movements  of  the  upper  limb  in  our  former  paper.  Some  of  these  movements  we 
have  already  discussed  in  considering  the  mode  of  the  march  (p.  237),  but  to  these 
considerations  we  would  like  to  add  one  or  two  more  of  a  wider  nature.  It  is  time 
to  consider  whether  we  cannot  elucidate  the  fundamental  principles  which  underlie 
the  development  of  the  mechanism  for  the  performance  of  so-called  voluntary  actions. 
In  the  first  place,  we  cannot  pass  by  the  obvious  fact  upon  which  we  think  we  are 
now  entitled  to  speak  with  some  degree  of  certainty,  viz.,  the  suggestive  difference 
between  the  functional  activity  of  the  ascending  frontal  and  ascending  parietal 
portions  of  the  upper  limb  area. 

While  at  the  upper  part  (especially  anteriorly)  of  the  ascending  frontal  portion  we 
find  represented,  as  an  initial  movement,  advancing  of  the  whole  limb  with  extension 
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of  all  the  joints,  behind  the  fissure  of  Rolando  the  converse  exists,  and  accordingly  we 
find  there  the  function  of  adduction  and  retraction  of  the  shoulder  with  flexion  of  the 
elbow. 

Summing  all  these  facts  together,  we  would  advance  the  suggestion  that  an  exact 
parallelism  exists  between  the  topographical  relations  just  described  and  the  sequence 
of  movements  in  such  a  very  frequent  purposive  action  as  that  of,  first,  directing  the 
gaze  upon  an  object ;  next,  reaching  forward  of  the  upper  limb  with  extension  of  the 
joints  to  seize  it ;  and,  thirdly,  the  withdrawing  of  the  arm  with  adduction  of  the 
shoulder,  and  carrying  of  the  hand  to  the  mouth  by  flexion  of  the  elbow. 

We  are  loath  to  lay  too  much  stress  on  these  deductions,  as  they  are  necessarily 
speculative,  and  also  because  we  feel  that  a  great  deal  has  yet  to  be  done  in  explana- 
tion of  the  fact  that  there  are  several  movements  relatively  frequently  performed 
by  the  head  and  eyes  or  the  limbs,  and  yet  which  we  have  not  been  able  to  elicit  by 
electrical  stimulation  from  the  regions  in  which  they  are  presumably  represented. 

For  ihstance,  we  have  never  observed  the  movement  of  direct  upward  rotation  of 
the  eyeballs,  nor  even  circumduction  of  the  shoulder,  nor,  to  any  marked  degree, 
extension  of  the  hip. 

It  seems  to  us  probable  that  the  absence  of  these  special  movements  is  owing  to  the 
method  of  analysis.  The  excitation  of  the  so-called  motor  cortex  by  a  faradic  current 
is  most  obviously  a  very  different  effect-producing  agency  to  the  normal  passage  of  a 
nerve  impulse  from  the  sensory  perceptive  areas,  as  occurs  in  the  early  stages  of  an 
effort  of  volition.  What  we  mean,  in  short,  is,  that  we  cannot,  with  the  present 
means  at  our  disposal,  apply  a  minutely  localised  excitation  to  one  small  group  of 
corpuscles,  and  so  cause  them  to  discharge,  without  at  the  same  time  arousing  into 
equal,  or  perhaps  under  certain  circumstances  even  greater,  activity  other  contiguous 
and  possibly  allied  combinations  of  movements. 

(5)  Opening  of  the  Eyes. 

In  one  Monkey  (No.  25)  we  observed  in  stimulating  centres  32  and  33,  that  the  two 
eyes  did  not  open  synchronously,  but  that  the  eyelids  of  the  eye  on  the  opposite  side 
to  that  of  the  cortex  stimulated  opened  before  the  eyelids  of  the  same  side.  The  time 
between  the  two  movements  was  very  slight,  but  still  it  shows  that,  although  this 
movement  is  usually  strictly  bilateral,  yet  in  exceptional  instances  the  eyelids  of  the 
opposite  side  tend  to  act  before  those  of  the  same  side. 
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A  bbrevialioni. 

I lil.  =  Hea  l.  h.  —  Left,  i.e.,  opposite  Bide  to  that  stimulated. 


*£*  j.  =  Simultaneous  deviation  of  Head  and  Eyes. 


81).  =  Shoulder. 

Tabli 


Lcutre. 


14 
15 
16 

17 

18 

19 

20 

21 

22 
24 

26 
27 

26' 
26a 

266 

26c 
2<Sd 
28 


Primary  movement. 


Hd. 
Bd. 


E 

EHd  }  » 


™-}to  L.,11 


Hd. 
E. 


j  to  L.,  ' 


Hd.  to  L.,  5 
Hd.  to  L.,  7 

Hd.  to  L.,  5 

Hd.  to  L ,  8 
Hd.  to  L.,  5 


Hd.  to  L,  2 
Eyes  open,  2 

Eyes   open  and 

turn,  1 
(Very  slight  and 

slow) 

Hd.  to  L.,  5 
Hd.  to  L.,  6 


Hd.  to  L.,  8 
E.  to  L.,  8-6 

Hd.  to  L„  6 
E.  to  L.,  3 

Hd.  to  L.,  6 
Eyes  to  ti.,  2 
Eyes  open,  3 


Hd.  to  L.,  3 
Eyes  to  L.,  3 
Eyes  open,  1 

Eyes  to  L.,  2 
Eyes  open,  2 
Hd.  to  L.,  1 
Hd.  to  Sh.,  1 

Hd."1,  j  „ 
E    J-toL.,  3 

Eyes  open,  2 
Eyes  up,  1 

™  }to  L.,3 
Eyes  open,  3 

Eyes  open,  1 
Eyes  to  L.,  1 

Hd.  I  .  T  _ 
E>   j  to  L.,  5 

Eyes  open,  3 
Eyes  to  L.,  1 


Hd.  to  L.,  5 


Hd.  to  L.,  2 
Eyes  to  h.,  2 

Hd.  to  L.,  1 
Eyes  to  Ii.,  1 


Eyes  open,  4 


Eyes  open,  2 


Hd.  to  L,  7        Eyes  open,  C 


Eyes  to  L.,  1 


Eyes  to  L.,  2 
Eyes  open,  1 

Hd  1  ,  r  „ 
E.  / t0  L  >  2 
Eyes  to  L.,  2 


Eyes  open,  3 

Eyes  open,  4  Hd. 

E, 


f}toL., 


E.  }  t0  L  i  2 
Eyes  to  L  ,  1 


Secondary. 


Eyes  open,  4 
Hd.  to  Sh.,  1 

Eyes  open,  2 
Hd.  to  Sh.,  3 

Hd.  to  L.,  3 
Eyes  to  L.,  4 
Eyes  open,  1 
Hd.  to  Sh.,  2 

Hd.  to  L  ,  3 
Eyes  to  L.,  2 
Eyes  open,  2 
Hd.  to  Sh.,  1 

Hd.  to  L ,  2 
E.  to  L.,  2 
Eyes  open,  1 
Hd.  to  Sh.,  2 

Eyes  to  L.,  4 
Hd.  to  L.,  2 
Eyes  open,  I 


Eyes  to  L.,  5 
Hd.  to  L.,  2 

™-}toL.,2 

Eyes  to  L.,  2 
Hd.  to  L.,  1 
Eyes  open,  1 

Eyes  to  L.,  6 
Eyes  open,  2 

Hd.  to  L.,  2 
Eyes  to  L.,  2 
Eyes  open,  1 

Eyes  open,  2 


Eyes  to  L.,  3 

Eyes  open,  3 
Eyes  to  L.,  2 
Hd.  to  L.,  1 

Eyes  to  L.,  2 
Eyes  open,  2 
I  Id.  turns,  2 


Hd.  to  L.,  2 


Eyes  to  L.,  1 
Eyes  opon,  1 


Tertiary. 


Hd.  to  Sh ,  3 


Eyes  to  L.,  2 


Hd.  to  Sh.,  1 


Eyes  to  L.,  2 


Hd.  to  L.,  1 
Eyes  open,  1 

Eyes  fixed,  1 


Hd.  to  L.  (25°),  1 
Eyes  open,  1 
Eyos  straighten,  1 

Hd.  to  L.,  1 
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Quaternary. 


en  up  and  out,  I 


Nil. 

Total. 

0 

19 

] 

19 

1 

19 

1 

18 

O 

O 

1  O 

Jo 

6 

17 

4 

18 

10 

17 

2 

18 

3 

15 

13 

18 

17 

18 

6 

14 

5 

16 

7 

16 

6 

11 

8 

6 

3 

18 

Rouiarks. 


Centre. 


Weaker  than  14  in  7  out  of  18 ;  nystagmus  to  L.,  1 

Nystagmus,  1 ;  eyes  up  and  out  (secondary),  1  ;  horizontal  (secondary),  1 

Less  than  14,  three  times 


17     Two  cases  more  than  18 


Lees  than  14,  16,  or  16,  once  ;  less  than  14,  once;  greater  than  16,  once;  eyes  fixed, 
not  turn,  twice 


In  one  case  included  in  the  "nil"  column  the  left  ear  retracted 

Eyes  down,  twice  ;  eyes  and  head  moved  to  opposite  side  in  jerks 
All  movements  were  slow  and  slight,  and  one  noticed  in  jerks 

The  one  positive  result  was  probably  due  to  "  w"  extending  less  posteriorly  than  usual 


14 
15 

16 

17 

18 

19 

20 

21 

22 
24 

26 
27 

26' 
26a 

266 

20c 

mi 

28 


2  I  2 
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Table 


Centre. 


28a 


286 


28c 


Primary  movement. 


80 
31 

32 

33 

34 

35 


Hd.  to  L.,  6         Eyes  open,  4 


Hd.  to  L.,  2 
E.  to  L.,  2 
E.  open,  2 


f  JtoL.,! 
Eyes  to  L.,  1 


37 


38 


Fid.  to  L.,  1 
E.  open,  1 
E  to  L.,  1 

Hd.  to  L.,  4 


lid.  to  Sh.,  1  (?) 
E.  open,  1  (?) 
E.  to  L.  1  (!) 

Hd.  to  L.,  7 


Hd.  to  L.,  12 

Hd.  to  L.,  10 

|d'}toL.,6 
Hd.  to  L.,  4 

Hd.  to  L.,  6 


Hd. 

E. 


\  to  L  K  °l)en'  1 

/  10  U'  3      E.  to  L ,  1 


39 


40 


41 


Hd.  to  L.,  6 
Hd.  to  L.,  7 

Hd.  to  L.,  7 
Hd.  to  L.,  7 


Hd-  l.„r    o  E.  to  L.,  1 

E.   J  t0  u»  6  Wrist  ext.,  2 

E.  open,  3  Sh.  adv.,  1 

E.  open,  1  Hd.  to  L.  "I  . 

Hd.  to  L.  ]_  1  E.  to  L.  J 
E.  open  J 


E.  open,  2 
E.   /toL->  2 

E.  to  L.,  3 
Hd.  to  h.,  4 

Hd.  to  L.  1  „ 
E.  to  L.  ]£ 
E.  to  L.,  2 

Sh.  adv.,  4 
%d-}to  L.,8 


Hd.  to  L.,  5  Hd 


I4}  to  I,,  2 

Hip,  2 
Ankle,  2 

Hip  rot.  out,  1 
Hip  flex.,  1 
Anklecvert.p'ant. 
ext.,  1 

Hd.  to  L.  \. 
Eyes  open  J 


Hd.  to  L.  \ . 

E.  open  J 

Hd.  to  L.  1  , 
E.  open  J 

Hd.  to  L.  1  . 

E.  open  J 
E.  open,  1 

Wrist  ext.,  1 
Toes  ext.,  1 
E.  open,  1 

Sh.  adv.,  1 
E.  open,  1 


Hd.  1  .  . 
E.  }toL.,2 

E.  open,  1 
Ankle  evert.,  1 

|d-}toL.,3 
E!  to  L.,  1 


Hd.  to  L. 
E.  open 


E.  to  L ,  3 


>  to  L.,  2 

I      1-    1  T 


E 


Hd.  to  L,  "1  _ 
E.  of.en  [  L 
E.  open,  1 


Secondary. 


Hd.  to  L.,  3 
Hd.  to  L.,  1 
Hd.  to  L  ,  1 
E.  to  L.,  2 


Hd.  to  L.,  3 
Elbow  ext.,  3 


E.  to  L.,  5 
E. open,  6 


E.  to  L.,  7 

E.  open,  4 
E.  to  L.,  4 

E.  to  L.,  2 
Elbow  ext.,  3 
See  "  Remarks ' 


E.  to  L.,  4 


E.  to  L.,  4 


Hd.  to  L.,  3 
E.  to  h.,  8 


Eyes  to  L.,  2 
Eyes  open,  1 


E.  open,  1 


E.  open,  2 
E.  to  Li.,  2 
Sh.  adv.,  2 
Elbow  flex.,  2 


E.  open,  0 


Hd.  to  L.,  1 


f  d-}to  L.,1 
Hd.  to  h.,  1 

Sh.  adv.,  2 


Hd  to  L„  1 
E.  open,  1 


E.  open, 2 


E.  open,  1 
Hd.  to  L.  1  . 
E.  open  / 


Tertiary. 


Sh.  adv.,  4 


E.  to  L.,  3 
E.  up,  2 
Finger  ext.  1  7 
Wrist  ext.  J 

E.  to  L.,  2 


Hd.  to  L.,  2 
E.  to  L.,  1 


Elbow  ext.,  3       Wrist  ext.,  2 
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I  (continued). 


Quaternary. 

Nil. 

Total. 

Remarks. 

Centre. 

4 

16 

28a 

7 

13 

286 

6 

9 

28c 

6 

15 

Slight  nystagmus  at  break  of  current, 

29 

11 

14 

Motor  representation  here  probably  very  imperfect 

30 

Rh  rnt  niif,  3 

■  11.  iuu  uubj  o 

Wrist  ext.,  2 
Elbow  ext.,  2 

i 
i 

1  o 

As  a  tertiary  movement,  there  occurred  once  each : — Hd.  to  L.  •  wrist  extended  •  wrist 
pronated ;  flexion  of  fingers.    As  a  quaternary  movement,  there  occurred  once 
each : — Hd.  to  L. ;  elbow  flexed 

31 

1 

16 

_In  Monkey  25,  L.  eye  opened  before  R.  at  each  of  these  centres.    In  33  epilepsy 
f    noticed.    Pupil  dilated  once 

r 

32 

2 

17 

J 

33 

1 

16 

Muzzle  up  twice 

34 

4 

14 

Muzzle  up  once.    In  two  cases  35  <  34 

35 

1 

17 

Fusion  of  movements  of  head  and  eyes  with  extension  movements  of  upper  limb 
occurred  ten  times.    Movements  of  leg  occurred  twice 

36 

3 

16 

There  was  fusion  of  head  and  eye  movements  with  those  of  limbs,  thus — with  those  of 
arm,  4  ;  with  leg,  3  ;  with  arm  and  leg  together,  5 

37 

6 

14 

No  definite  secondary  movement,  but  there  occurred  twice:  —  extension  of  all  toes, 
knee,  and  hip  ;  and  once  each  : — eyes  open ;  eyes  to  L. ;  shoulder  flexed  ;  elbow 
extended  ;  toes  extended.    As  tertiary  movement,  once: — shoulder  advanced,  elbow 
extended  ;  knee  extended,  confused.    Muzzle  raised  up,  1 

38 

0 

14 

As  secondary  movement  there  occurred  once  each: — shoulder  advanced;  elbow 
extended  ;  hip  and  knee  flexed  ;  ankle  inverted  ;  toes  extended.    In  one  case  there 
was  observed  after  the  secondary  movement : — extended  hallux  ;  flexed  hip  and 
knee  ;  arm  advanced  ;  head  and  eyes  to  L.    In  the  primary  movement  of  the  eyes 
opening,  occurring  once,  the  L.  eye  opened  before  the  R 

39 

2 

17 

Muzzle  raised  up  in  two  cases  ;  pupils  dilated  in  two  cases ;  arm  advanced  late  and 
slight  in  one  case  ;  leg  once  very  late  ;  L.  eye  open  before  R.,  once  ;  epilepsy,  once 

40 

1 

16 

Pupil  dilated,  1 ;  muzzle  raised  up,  1  ;  arm  and  leg  affected  together,  but  late,  1 

41 
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Table 


Centre 


42 


Primary  movement. 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


64 


Hd.  to  L.,  3 
E.  to  L.,  3 


Hd.  to  L.,  6 

Hd.  to  1...  7 
Hd.  to  L.,  5 
Hd.  to  L.,  4 

Hd.  to  L.,  8 
Hd.  to  L.,  8 

Hd.  to  L.,  5 


Hd.  to  L.,  3 
Upper  limb,  5 
Lower  limb,  3 


Hip,  3 

Hallux' 

Toes 


Hd.JtoL.,1. 

Hd.  to  L.  1  j 
E.  opeu  J 

Hd.  to  L 
E.  open 

Hd.  to  L. 


u 

E.  open  J 
j  to  L., 


Hd. 
E. 


55 


All  toes  ext.,  6  Knee  flex.,  1 
Hd.  to  L.,  1 
Hip  extend.,  1 


All  toes  extend.,  Hip  flex.,  5 
7 


Hd. 

E. 


Hd 
E. 


Id-}toL., 
|  to  L., : 


Hd.  to  L.  1  ] 
E.  open  J 
E.  to  L.,  1 


Hd.  to  L. 
E.  open 


Hd.  to  L.l 
E.  open  J 
E.  open,  1 


Hd.  to  L ' 
E.  open 


E.  to  L.,  1 
^•}toL.,l 

E.  to  L.,  1 

Hd.  to  L.  "I, 
Sh.  adv.  I1 


Hd.  to  L.,  2         Ankle  dorso-flex., 
1 


Sh.  adv.,  1 
Hd.  to  L.  "I  . 
E.  open  J 


Knee  flex.,  3 


Small   toes  ex-  Hallux  extend.,  2  Hip  rot.  out,  2 
tend.,  6  Hallux  opposed, 2  Hip  flex.,  1 


Secondary. 


E.  to  L.,  3  Hd.  to  L.,  1 


E.  to  L ,  3 


E.  to  L.,  7 
E.  to  L.,  5 
E.  to  L.,  4 

E.  to  L.,  4 
E.  to  L.,  5 

E.  to  L.,  2 


E.  open,  1 


Hd.  to  L.,  1 
E.  open,  1 


E.  open,  1 
Sh.  add.,  1 


Hd.  to  L.,  2 
E.  open,  1 


Hd.  to  L.,  1 


See  "  Remarks." 


Shoulder  advan-  E.  to  L. 
ced,  3  Hip  flex.,  1 


Ankle  dorso-flex.,  Sh.  adv.,  2 
3  Hallux  extend.,  2 

Hip  rot.  out,  1 
E.  open,  1 

Ankle  dorso-  ]     Hip  flex.,  2 
flex.  >  4  Knee  flex.,  1 
„     invert.  J      Hallux  ext.,  3 
Hallux  flex.,  1 
Small  toes  flex.,  1 
L.  abdomen,  1 
Ann,  1 


Knee  flex.,  4 


Ankle  dorso-flex., 
2 

„    ext.  invert., 
1 

Hip  flox.,  1 
Hip  rot.  out,  1 


Tertiary. 


E.  to  L.,  1 
E.  to  L.,  2 

E.  to  L.,  1 
E.  to  L.,  1 


Leg  flexed,  1 
Knee  confused,  1 
Ankle  dorso-flex., 
1 


Hip  flexed,  3        Hd.  to  L.,  1 
E.  to  L ,  1 


Arm  advanced,  8 
Knee  flex.,  3 

„    ext.,  1 
Ankle  dorso-flex., 

1 


Ankle  dorso-flex.,  Hip  flex.,  1 
2  „   ext.,  1 

„    invert.,  1     Toes  ext.,  1 
Knee  ext.,  2         Hallux  flex.,  1 

„    flex.,  1 
Hip  flex.,  1 
„   ext.,  1 
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I  (continued). 

Quaternary 

Nil. 

Total. 

Remarks. 

Centre. 

6 

15 

Muzzle  raised  up,  2  ;  Hd.  to  shoulder,  1  ;  pupils  dilated,  1 

42 

6 

14 

nf  Vipnd  wfro  flcartr'ijifprl  Tvitli  iliniu*  nf  tbp  arm  *irtfl  ]nrt  fnrrptTipt*  ilirpp 

ill  UlCUJCUlO     \Jl     11C  HI!     11      1         DCDUVUIVCU     11  1  111     1111/13%.     Ul     IUL     (11111    .11.11     Jig     lULLuUCI  ,  lUlvv 

times  ;  with  the  arm  only  in  two  cases 

4 

16 

Muzzle  raised  up,  2.    In  one  case  there  was : — ext.  hallux,  oversion  ankle,  flex,  hip 
and  knee.    In  another,  L.  hip  was  flexed  and  adducted 

44 

4 

16 

Muzzle  raised  up  twice 

45 

5 

12 

Muzzle  turned  down  at  end  of  movement  of  turning  head,  1.    Hd.  drawn  to  shoulder, 
once 

46 

2 

12 

The  upper  limb  was  affected  twice,  and  the  lower  limb,  once.    Muzzle  raised  up,  1 

47 

3 

15 

Muzzle  raised  up,  3  ;  arm  and  leg  combined  were  affected,  1 ;  Hd.  diawn  down  to 
shoulder,  1 

48 

5 

12 

49 

2 

14 

Epilepsy  occurred  once.    This  number  being  the  border-land  of  the  centres  for  move- 
ments of  the  head,  the  upper  and  lower  limbs,  it  was  impossible  to  find  any  definite 
march  of  movements,  owing  to  the  different  results  obtained 

50 

1 

10 

Epilepsy  occurred  twice.    The  primary  movements  of  the  hip  were  extension,  flexion, 
and  abduction 

51 

2 

13 

52 

1 

14 

Epilepsy  twice  in  lower  limb,  not  in  the  upper 

54 

Arm.  adv.,  5 

3 

14 

55 
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Table 


Centre, 


68 


59 


61 


62 


64 


65 


Primary  movement. 


All  toes  ext.,  6 


Hiillux  flex.,  1 
„     ext.,  1 


Ankle  invert. 
Ankle  dorso- 
flex. 

Sh.  adv.  slight.,  1 


'•1 

T 


All  toes  ext.,  4     Ankle  evert.,  1  T 
Hallux  flex,  1 1   Ankle     dorso-  I  g 
„     ext.,  2  \  -1    flex.,  1 

add.,  1  |   Ankle  invert.,  1 J 


Hip    and  knee 
Ilex.,  1 


Hallux  ext.,  4 
Hallux  add. 
and  opp,  3 


All  toes  cxt 
..    ..  He 


it.,  61 
:x.,l  J 


Ankle  evert.,  2 
°  Ankle  dorso- 
flex.,  1 
Hip  ext.,  1 


Secondary. 


Anklcdorso-Hcx.,2  Hip  abd.,  1 
Ankle  ext.,  1 
All  toes  flex.,  2 


HiP  I  flex.,  2 
Knee  J  ' 


Ankle,  6 


Small  toes,  4        Hallux  add.,  2 


Ankle  invert.,  7 
Ankle  dorso- 

ilex.,  2 
Ankle  plant. 

flex.,  2 


Small  toes  ext.,  2 
All  toes  ext.,  1 
Hallux  add.,  1 
Hip     rot.  out. 
flex.,  1 


Hip  extend.,  i  Ankle  evert.,  1  Elbow  ext.,  2 
Sh.  add.,  3    1     Hallux  ext.,  2      Wrist  pron  ,  1 

„  retract,  1^-5  Small  toes  ext.,  1 

„  adv.,  1 


Small  toes  ext.,  2  Hallux  cxt  ,  1 
abd.,  1 
opp.,  1 
Elbow  ext.,  1 
Wrist  pronat.,  1 


Hip  rot.  out!  , 
3  flex.  J 

Hip  ext.,  1 
Sh.  add.,  11  2 
„  adv.,  1  J 


Hallux  ext., 
„  flex., 


Small  toes" 

ext.,  3 
Small  toes 

flex.,  2 


Ankle  evert.,  3""| 
-  Ankle    plant.  1 
>D     ext.,  1 

Ankle  dorso- 
flex,  1 


Elb.  ext.,  5 


Hallux  ext.,  I 
All  toes  ext.,  2 
Ankle  dorso- 
flex.,  1 


Sh.  flex.,  1 
Knee  ext.,  2 
All  toes  flex.,  21 
„    „  ext.,  2  / 


Knee  flex.,  1  \ , 
„    conf.,  1  J  ' 
Hip  rot.  in,  1 


Hallux  ext.,  2 


Sh.  adv.,  1 
„  rot.  in,  1 
„  add.,  1 

Elb.  ext.,  2  \ , 
„    conf.,  1  y 

Fingers  flex.,  1 


Small  toes  ext.,  5 


All  toes  ext.  and 

Sep.,  4 
All  toes  flex.,  1 


Hip  ext.,  1  1 
„  flex.,1  ]" 
Ankle  evert,  2 
Arm  adv.,  1 


All  toes  ext,  3 ' 


67 


t,  3 1  ,  Hip 
flex.,1  r 
Small  toes  ext.,  4 
Hallux  ext.,  3 
„  flex. 


rot.  out,  2 


Small  toes  ext.,  4  Ankle  invert.,  2 
u  „  flex.,1  Ankle  dorso- 
„      „    conf.,  1    flex.,  1 

Hip  flex.,  2  "I 
„   ext.,  1  J 
Hallux  ext.,  1 
„  add 


:,!} 


Hallux  ext.,  3 
„     conf.,  1 
„     flex.,  2 


"|     Ankle    dorso-  "1 
U    flex.,  2  y< 
J    Ankle  evert ,  1 J 
Small  toes  ext.,  1  1  , 
flex.,1/' 
Arm  adv.,  1  \  „ 


add 


:1}2 


t.,3  1 


All  toes  ext.,  4  1  „  Hallux  flex.,  2") 
„   „   Ilex.,  2  j       „     ext.,  2  I 
„     opp.,  8  J 


Small 
7    ext.,  2 
Small 
flex.,  2 


toesl 


toes 


Ankle  dorso- 

flex.,  3 
Ankle  plant. 

ext.,  1 


toes 


Ankle  evert.,  1 
„  invert. 


Small 

ext.,  4 
Small      toes  [ 

flex.,  2  J 
All  toes  ext.,  2 
Hallux  ext.,  2  \ 
Hex.,  1  J 
Knee  flex.,  2 


6 


Ankle  dorso- 

llcx.,  4 

Lnkle 

ext.,  1 
Anklocvert.,2  | 
„    invert.,1  J 


All  Iocs  ext.,  3 
Small  toes 


ext.,  1 
Small      toes  f 

Hex.,  1  J 
Hip  conf.,  1  „ 

„   rot.  out,  1 J 


Tertiary. 


Hip,  3 


Knee,  2 
Ankle,  2 
ToeB,  1 


Toes  (small),  2      Knee,  3 
Hip    flex.,   rot.  Sh.,  1 
out,  8 


Knee  flex.,  3 
„    ext.,  2 


Hip  flex.,  3 
„  rot.  out,  1 
„  ext,  1 
Sh.  adv.,  2 
ToeB  ext.,  1 


Ankle  plant.")      Knee  ext.,  1 
ext.,  4         I  g    Sh.  rot. 

Ankle  dorso-  f       „  adv. 
flex.,  2       J      Wrist  ext.,  1 

Hip  ext.,  3      \  ^ 
„  rot.  out,  1  j 


V..,  i 

in,  1 1  j 

,2  r 


Small  toes  flex.,  1  Sh.  adv.,  2 
Ankle       dorso-  Wrist  pron.,  1 

flex.,  2 
Knee  ext.,  1 
Hip  ext.,  2 


Hip,  3 
Ankle,  3 
Toes,  4 
Knee,  3 


Knee  flex.,  4  Hallux  ext.,  1 
Hip  flex.,  2  "Ig 

„   rot.  out,  1  J 
Ankle  invert,  1  1  ^ 
„    evert.,  1  J 


Ankle  invert.,4 
Ankle  dorso 

flex.,  1 
Hip  flex.,  2  1 

„  rot.  out,  2  j 
All  toes  ext.,  2 


Sh.  2 


Hip  flex.,  2  \  , 
„   rot.  out,  3  j 

Knee  flex.,  3 

Small  toes") 
lex,  1         I  „ 

Small     toes  [ 
cxt,  1  J 


Ankle  dorso-"! 

flex.,  2 
Ankle    plant  ^4 

flex,  1 
Ankle  invert,' 


MOTOR  REGION  OF  THE  CORTEX  CEREBRI  IN  THE  MONKEY. 


24'J 


I  (continued). 


Quaternary. 

Nil. 

Total. 

Hip  rot.  out,  1 
Knee  flex.,  1 
Arm,  1 

1 

12 

Sh.  adv.,  3 
AH  toes  ext..  2 
Ankle  invert.,  2 

1 

12 

3h.  adv.,  3 
Hip  flex.,  2 
Hip  abd.,  1 

Elbow  ext.  and  con£,  2 
Knee,  1 

0 

16 

Elbow  ext ,  5 
Sh.  adv.,  4 
Wrist  ext.,  1 
Fingers  flex.,  3 
Toes  ext.,  3 

Knee  and  hip  flex.,  3 
Hip  ext..  2 
Pelvis  rot.  to  L  ,  2 
Knee  eonf.,  1 
„    ext,  1 

1 

13 

Small  toes  ext,  1 
Knee  and  hip  flex.,  2 
Pelvis  rot.,  1 
i-h.  adv.,  2 
Elbow  ext.,  2 
Fingeis  flex.,  1 

1 

12 

Toe?,  2 
Knee,  3 
Ankle,  1 
Hip,  2 
Arm,  4 

0 

13 

Arm  adv.,  3 

Flip  and  knee  flex.,  3 

Toes  flex.,  2 

1 

14 

Hip  and  knee  flex.,  6 
Knee  Hex.,  3 
Ankle,  2 
A  rm,  2 

0 

16 

.Kr"Ce'«rlconf.ancl  flex. 
Hip,  6  J 

Sh.,  4 

1 

17 

Remarks. 


Centre. 


Epilepsy  once 


,r>9 


61 


Epilepsy  occurs  once 


Epilepsy  occurred  once.  It  is  to  be  noted  that,  among  the  small  toes,  those  which 
were  most  represented  were  the  2nd  and  3rd,  and  the  2nd  more  than  the  3rd.  In 
two  cases  the  hallux  and  5th  toe  were  associated  a*  a  primary  movement,  hut  the 
4th  toe  never 


62 


04 


Epilepsy  occurred  twice.    Note  2nd  and  3rd  toes 


Epilepsy  once 


65 


07 


MIK'(  Cl.XXXVIlI. —  i: 


2  K 


250 


DR.  C.  E.  BEEVOR  AND  PROFESSOR  V.  IIORSLEY  ON  THE 


Table 


Centre.! 


Primary  movement. 


68  .*w(1„^:s}4*rL 

»     CX1"' J 1        "    "  Ankle  dorso-  f 


69 


TO 


71 


74 


75 


7G 


Hallux  flex.,6' 
„  ext. 8 
Hallux  and 

2nd  toe 

ext ,  2 


Hallux  flex.,71  , 
„  abd.,1/' 


Ilex.,  1  J 


All  toes  ext.,  1      Ankle  evert.,  1  1 
Small  toes  ext.,  1  Ankle    plant.  V  2 
XI  '   ext.,  1  J 


Small  toes  ext.,  2  All  toes  ext.,  1  1  2 
Knee  flex.,  2  1  g    „    „  flex.,  1  J  " 

„  rot.  in,  1  J 
Ankle  evert.,  1  ] 
Ankle    dorso-  I 

flex.,  1  ^3 
Ankle    plant,  | 

ext,  1  J 


Secondary. 


All  tocscx 
„    „  fie 


Small 

ext.,  3 
Small 

conf.,  1 
Small  toes 

flex.,  1 


nf.,lj 
toes  I  r 


dorso- 


conf. 
toes 


1 

ai.  I 


All  toes  ext,  2 
„    „  flex.,  2 


Ankle 
.6    flex.,  2 
Ankle  evert, 
Ankle  plant. 

ext.,  1  J 
Hip  rot.  out,  2 
Hallux  Hex.,  II  , 
„     ext.,  1  )' 
2nd  toe  opp..  1 

toes  1 


3 


Small 
ext , 
Small     toes  f 
Hex.,  1  J 
Ankle  dorso-") 
flex.,  2  I 
Ankle  plant  f 
ext.,  1  J 
Hallux  ext.,  1 


Small  toes  ext,  4  Hip  flex.,  1 
All  toes  ext.,  2 
Hallux  ext.,  2 
Ankle  dorso-"! 

flex.,  1 
Ankle  plant 

ext.,  1 
Ankle  evert,  1 J 


Ha'.luxflex.,6 
ext 


All  toca  ex 
,,    „  flex 


it.,  41-  Ankle  dorso-"] 
1  J0     flex.,  1  L 
Ankle  plant.  | 
flex.,  1  J 


All  toes  ext.,  5  Ankle  plant.  1 

Small  toes  ext ,  5  ext.,  1         I  „ 

Hallux  flex,  3  f  ,  Ankle  dorso- f 
„     ext.,  2/  5 


Ankle  dorso- 
flex.,  2  J 


All  toes  ext,  7      Small  toes  ext,  3  Ankle 

flex.,  2 
Hallux  ext.,  1 
„  fle; 

All  toes  ext,  3     Small  toes  ext.,  1 
Ankle  dorso-flex.,  1 


dorso- 


Hallux  flex. ,2  1  .  Hip  ext.,  2 
„     ext,  2  J     Sh.  add,,  2 


Knee    and  hip 

Hex.,  1 
Ankle  evert,  1 


All  toes  ext.,  2 
Hallux  ext,  1  "I  „ 

Hip  flex.,  2 


77     All  toes  ext,  5 


Small  toes  ext.,  1 
Knee  flex.,  1 
Ankle  dorso-flex., 


Small  toes  ext.,  1 
Hallux  ext.,  1 
Ankle  doHO-flex,, 


All  toes  ext..  9 
Hallux  ext.,  4 
Ankle  dorso-" 

flex,  3 
Ankle  evert,  1 
„     invert,  1 . 


Hip  flex.,  3 
Knee  flex.,  2 


dorso-"| 


Ankle 

Hex  , 
Ankle  plant 

ext.,  1 


r 


Hallux  ext., 
Knee  and 
flex.,  1 


hip 


Ankle       dorso-  Hallux  ext..  2 
flex.,  6  Small  toes  ext,  2 

Hip    and  knee 
flexed,  3 


Ankle  "1 

Knee  >  flex.,  1 
Hip  J 

AlHoescxt,  3  1 
„    „  llcx.,1/ 


Small  toes  ext 
Knee  ext,  1 
Ankle  evert,  1 
Ankle  dorao- 

flcx.,  2 
Knee    and  hip 

ilex.,  1 


3 


Ankle  dorso- 
flex..  3 
Ankle  invert., 1 


Hallux  ext.,  3 


All  toes  ext.,  1 
4  „    „  flex 
Hallux  ext.,  1 
Hip  Hex  ,  1 


;!}> 


All  toes  ext.,  2 
A  nkle  dorso-flex  , 
Hip  flex.,  ! 


Tertiary. 


Ankle    dorso- "|  Small  toes  flex.,  2 

flex.,  3          I  Knee  ext,  1  1 

Ankle    plant  |  .,    flex.,  1 J 

ext.,  1          }■  8  All  toes  flex.,  1  "^ 

Ankle  conf.,  1  „     ,,   ext.,  1  j 
„  invert.,2 
„     evert,  1_ 


Small     toes  ] 

ext.,  2 
Small  toes 

conf,  1 
All  toes  ext. 

„    „  fle 


Hip  and  knee") 

ext.,  1  I  2| 

Hip  and  knee  | 
flex.,  1  J 
t,  1  1  n  Anklo    plant  i 
x.,  IT    ext.,  1  I 


r 


Ankle  dorao- 
flex.,  1 


r 


Ankle  dorso-flex,  5  1  g 

„     confusion,  1  J 
All  toes  ext.,  I 
Sh.  rot.  out,  1 


I  lip  and  knee  flex.,  5 
Ankle  dorso-flex., 4  1  g 
„     conf,  1  j 


6 


Ankle  dorso-flex.,  5  "I 
„     invert,  1  J 
Knee  and  hip  flexed,  4 


Knee  and  hip  flexed,  3 
Ankle  evert,  1 
.,     dorso-flex:,  1 


Knee  and  hip  flex.,  \ 
Ann  add.  adv.,  1 


Ankle  evert., 2"!    Hip  rot  out,  1 

„     conf,  1  j 
Ankle    plant.  I  , 

cxt.,1 
Ankle    dorso-  | 

flex.,  1  J 

Ankle  dorso  flex.,  2  "I  j 

„  evert,  1  J 
Knee  and  hip  flex.,  1 
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I  (continued). 


Quaternary. 

Nil. 

Total. 

Remarks  ( 

,'entrc 

Hip  rot  out,  5 
Hip  and  knee  Hex.,  4 
Ankle,  3 
.Knee  flex.,  3  i  . 
„    conf.,  2  J  0 

0 

16 

Epilepsy  occurred  twice.    The  2nd  and  3rd  toes,  in  Monkey  38,  opposed  towards 
hallux  as  a  primary  movement 

68 

Hip  and  knee  flex.,  5 
Ankle  dorso-flex.,  3 
Knee  at  90',  1 
Toes  confused,  1 

0 

15 

Epilepsy  once 

69 

Hip  and  knee  flex.,  5 
Knee  confused,  1 
Hip  abd.,  1      1  ^ 

„   rot.  out,  2  J 
Arm  adv.,  2 

0 

18 

70 

Knee  and  hip  flex.,  3 
Arm  abd.,  2 

1 

18 

71 

Hip  flex.,  1  1  „ 
„   ext.,1  J  4 
Toes  sep.,  1 

1 

18 

Epilepsy  once 

72 

Hip  rot  out,  1 1  o 
„   flex.,  1  J 
Knee  flex.,  1    "I  g 
„    rot.  in,  1  / 

4 

8 

18 
14 

73 
74 

5 

17 

Epilepsy  once 

75 

ve 

B  ip  and  knee  flex.,  3 
Toes  sep.,  2 
All  toes  flex.,  1 
Ankle  evert.,  1 

9 

17 

Hip  and  knee  flex.,  3 
Knee  Hex.,  1 
Sh.  adv.,  1 

9 

17 

77 

2  K  2 
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Table 


Primary  movement. 


Small  toes  ext.,  4 


Sh.  add.,  7     1      Wrist  pronatcd,  1 
„  retract,  4  |-  12  Elbow  ext.,  1 
„  elevated,! J 


St  add.,  7  "1 
„  retract.,  8  V 
„  clevatiou,8  J 


13 


Wrist  pronated,  1 


Wrist  pronated,  2  Elbow  ext.,  1        Sh.  add.,  1 

„     flex.,  1       Small  toes  ext.,  1 

Wrist  pronated,  2  Elbow  ext.,  1 
Sh.  add.,  2  Fingers  ext.,  1 


Wrist  pronated,  2  Sh.  add.  retract.,  1 
Elbow  flex.,  1 
Fingers  flex.,  1  "I  g 
„     ext.,  1  J 

umb  flex.,  5  \  -  Wrist  pronated,  4  Elbow  flex,  1 
„      opp.,  2  J    Fingers  flex.,  2  1 
,1  J 


Th 


ext., 


lhumliflcx.,10  I  ^  Index  opp.,  4      Wrist  pronated, '. 
„     opp.,  4  /  Fingers  flex.,  1 


Thumb  flex.,  10 


opp 


,101 


16 


Secondary. 


Ankle  dor<iO-flex.,  2 
Hallux  ext.,  1 

Elbow  flex.,  5       Sh.  add.,  1     1      Elbow  ext.,  1 
,,  retract.,  1  >  3 
„  rot.  in,  1  J 

Elbow  flex.,  6       Fingers  ext.,  8 
Elbow  ext.,  2 


Fingers  inteross.    Ankle  dorso-flex.,  1 
ext.,  2  Sh.  fidd.,  1 


Sh.  retract.,  1 
Elbow  ext.,  1 


Thumb  and  fingers 
II  ox.,  1 


Wrist  pronated,  2 
Fingers  inteross. 
ext.,  2 


Fingers  flex,  3  ]     Wrist  ext.,  2  *| 

ext.,  1  ^  5  Wrist    ulnar  V  3 
Index  opp.,  1  J        add.,  1  J 


Fingers  flex,  8 


Sh.  add.,  1 

Index  flex,  2 
Thumb  opposed,  2 
Index  opposed,  2 
Fingers  and  thumb,  1 
Wrist  supin.,  1 


Fingers  flex.,  8     Wrist  supio.,  1 


Tertiary. 


Ankle  dorso-flex.,  1 


Fingers  ext.,  4  Sh.  rot.  out,  1 
Wrist  ext.,  2        Hip  ext.,  1 


Wrist  ext.,  1 
Hip  ext.  rot  in,  1 


Wrist  ext.,  1 
Fingers  ext.,  1 

Sh.  add.,  1 
Elb.  ext.  conf.,  1 
Wrist  ext.,  I 
Fingers  flei.,  1 

Wrist  ext.,  1 
Elbow  flex.,  1 
Fingers  ext.,  1 


Elbow  flex,  3 


Wrist  ext,  1 
Fingers  ext.,  1 
Sh.  add.,  1 


Fingers  flex.,  2  1  „ 

„  ext.,  1/ 
Wrist  ext.,  1  1 

„    pron.,  1  3 

„    supin.,  1  J 

Wrist  ext.,  2        Elbow  flex.,  1 
„    pronat.,  1 
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I  (continued). 


Quaternary. 


Nil. 


Knee  and  hip  flex.,  1 
Elbow  ext.,  1 


Sh.  adv.,  1  1 

„  add.,  i  r 

Elbow  flex.,  1 
All  finger.*  ext.,  1 

Elbow  flex.,  1 


Elbow  flex.,  3 
Fingers  flex.,  1 
Wrist  ext.,  1 


Wrist  supin.,  1 
Elbow  flex.,  1 


12 

6 


Total. 


li 
12 

14 

16 
11 

15 

17 

19 

16 


Remarks. 


Centre. 


Index  finger  opposed  towards  thumb,  once  as  a  secondary  movement 


Index  finger  opposed  four  times  as  a  primary  movement.    Index  finger  flexed  twice 
and  opposed  twice  as  a  tecondary  movement 
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Description  of  Plates  40-42. 
PLATE  40. 

The  fio-s.  4  to  13  and  16  to  20  are  stippled  to  show  the  representation  of  the  absolute 
movements  and  the  primary  movements  of  the  different  joints.  In  all  of 
these  the  intensity  of  the  stippling  denotes  the  degree  of  representation  of 
the  movements  of  the  joint. 

Fig.  4  shows  the  area  of  absolute  representation  of  turning  the  head  to  the  opposite 
side.  The  points  of  greatest  intensity  are  seen  to  be  just  above  the  horizontal 
limb  of  the  preecentral  sulcus,  and  the  part  next  to  the  longitudinal  fissure. 
The  area  is  seen  to  be  very  extensive. 

Fig.  4a  gives  the  representation  of  the  primary  movement  of  rotation  of  the  head  to 
the  opposite  side.  When  compared  with  fig.  4  it  is  seen  that  the  point  of 
greatest  intensity  here  is  also  just  above  the  horizontal  limb  of  the  prsecentral 
sulcus,  and  also  next  to  the  longitudinal  fissure.  In  the  corner  formed  by 
the  two  limbs  of  the  praacentral  sulcus  the  representation  is  faint,  as  this  is 
the  place  where  the  simultaneous  movement  of  the  head  and  eyes  is  most 
marked. 

Fig.  5  shows  the  representation  of  the  primary  movement  of  the  simultaneous  action 
of  turning  the  head  and  eyes  to  the  opposite  side.  The  point  of  greatest 
intensity  is  in  the  angle  formed  by  the  two  limbs  of  the  prsecentral  sulcus, 
and  is  in  counter-distinction  to  fig.  4a,  where  this  part  has  only  a  feeble 
representation  of  the  primary  movements  for  rotation  of  the  head. 

Fig.  6.  Here  the  absolute  representation  of  the  movements  of  the  hallux  are  given. 

The  greatest  intensity  is  seen  to  be  in  front  of  the  upper  end  of  the  fissure 
of  Rolando,  and  to  a  less  degree  behind  this  end  of  the  fissure ;  from  these 
points  the  representation  extends  over  the  whole  of  the  lower  limb  area,  but 
in  a  very  feeble  degree. 

Fig.  Ga.  The  representation  of  the  primary  movement  of  the  hallux  is  here  seen  to 
be  localised  almost  entirely  to  each  side  of  the  upper  end  of  the  Rolandic 
fissure,  and  to  have  its  seat  of  greatest  intensity  immediately  in  front  of  the 
fissure.  The  localisation  is  very  sharply  defined,  and  is  more  exact  than  any 
other  joint  of  the  lower  limb.    (Cf.  figs.  7,  8,  9,  and  10.) 

Fig.  7  gives  the  absolute  representation  of  all  the  toes  acting  together ;  the  represen- 
tation extends  over  the  whole  area  for  the  lower  limb,  and  has  its  greatest 
intensity  just  in  front  of  and  behind  the  most  intense  representation  of  the 
hallux. 
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PLATE  41. 

Fig.  8.  The  representation  of  the  movement  of  flexion  of  all  the  toes  is  here  given, 
and  it  is  seen  to  be  almost  entirely  in  front  of  the  fissure  of  Rolando. 

Fig.  9  gives  the  absolute  representation  of  the  movements  of  the  small  toes;  the 
greatest  intensity  is  seen  to  be  in  front  of  the  fissure  of  Rolando,  but  in 
front  of  and  below  the  part  occupied  by  the  hallux. 

Fig.  10  shows  the  primary  representation  of  the  movements  of  the  small  toes,  and, 
when  compared  with  fig.  6a,  it  is  seen  to  occupy  that  part  of  the  area  of 
the  lower  limb,  which  is  not  occupied  by  the  representation  of  the  primary 
movement  of  the  hallux,  i.e.,  immediately  in  front  of  and  behind  the  upper 
end  of  the  fissure  of  Rolando. 

Fig.  11  shows  the  absolute  representation  of  the  movements  of  the  ankle.  It  is  well 
marked  over  the  whole  of  the  lower  limb  area,  and  is  better  represented 
than  the  next  joint,  the  knee  (cf.  fig.  12).  Its  greatest  intensity  is  above 
the  hinder  end  of  the  sulcus  x,  and  in  front  of  the  area  for  the  hallux. 

Fig.  12  is  the  absolute  representation  of  the  movements  of  the  knee;  it  has  no 
special  characters,  but  is  fairly  evenly  distributed  over  the  whole  of  the 
lower  limb  area,  in  conformity  with  the  secondary  character  of  the  move- 
ments of  this  joint. 

Fig.  13.  The  absolute  representation  of  the  movements  of  the  hip  is  here  given. 

While  it  extends  over  the  whole  lower  limb  area.,  it  is  most  marked  in  front 
of  the  fissure  of  Rolando,  and  especially  in  the  more  anterior  part ;  its 
greatest  intensity  here  is  further  forward  than  the  representation  of  the 
ankle  (cf  fig.  11),  and  it  is  only  slightly  represented  just  in  front  of  the 
fissure  of  Rolando,  the  area  for  the  hallux. 

PIATE  42. 

Fig.  16  gives  the  absolute  representation  of  the  movements  of  the  thumb  as  observed 
in  the  present  research.  It  is  seen  in  a  very  striking  manner  to  be  limited 
to  the  lower  end  of  the  intra-parietal  sulcus  and  over  a  small  area ;  its  lower 
edge  is  sharply  defined  and  its  upper  border  exhibits  only  a  very  slight 
amount  of  shading  off  into  the  contiguous  centres.  It  is  the  most  highly 
defined  of  all  the  segments  of  the  limb. 

Fig.  17  shows  the  absolute  representation  of  the  movements  of  the  fingers;  it 
extends  more  or  less  over  the  whole  upper  limb  area  (examined  in  this 
present  paper),  and  it  is  more  extensive  than  the  representation  of  the 
movements  of  the  thumb  (cf.  fig.  16).  But  while  it  is  only  slightly  repre- 
sented in  the  upper  part  of  the  upper  limb  area,  it  is  very  marked  at  its 
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lower  part,  and  it  will  be  noted  that  its  point  of  greatest  intensity  is  just 
above  that  of  the  representation  of  the  thumb. 
Fig.  18.  The  absolute  representation  of  the  movements  of  the  wrist  is  here  seen  to 
extend  over  the  whole  upper  limb  area  (here  examined),  and  to  be  feebly- 
represented  at  the  upper  part  of  this  area,  but  to  have  its  greatest  intensity 
about  the  middle  and  just  above  the  point  of  greatest  representation  of  the 
fingers  (c/!  fig.  17). 

Fig.  19  gives  the  absolute  representation  of  the  movements  of  the  elbow.  Though 
it  is  represented  over  the  whole  upper  limb  area  (examined  in  this  paper),  it 
is  very  slightly  marked  in  the  part  opposite  the  lower  end  of  the  intra- 
parietal  sulcus ;  its  chief  seat  being  at  the  upper  end  of  the  upper  limb 
area,  on  a  level  with  the  sulcus  x,  and  its  point  of  greatest  intensity  is  at 
this  level,  immediately  in  front  of  the  fissure  of  Rolando,  and,  to  a  less 
degree,  in  the  contiguous  part  behind  this  fissure. 

Fig.  20.  Here  the  absolute  representation  of  the  movements  of  the  shoulder  is  seen 
to  be  localised  almost  entirely  to  the  upper  limit  of  the  upper  limb  area.  It 
is  most  important  to  observe  that  the  shoulder,  alone  of  all  the  joints  of  the 
upper  limb,  is  not  represented  at  all  in  the  lower  part  of  this  area,  opposite 
the  lower  end  of  the  intra-parietal  sulcus — the  seat  of  representation  of  the 
movements  of  the  thumb  and  the  fingers  (cf.  figs.  16,  17).  The  point  of 
greatest  intensity  is  seen  to  be  in  front  of  and  behind  the  fissure  of  Rolando 
at  the  horizontal  level  of  the  sulcus  x,  the  upper  limit  of  the  upper  limb 
area. 

On  comparing  figs.  16-20,  it  will  be  seen  that  the  most  intense  representation  of  the 
movements  of  the  segments  of  the  upper  limbs  is  arranged  in  a  most  perfect  grada- 
tion from  below  upwards.  The  representation  of  the  thumb  occupies  the  lowest  part 
of  the  upper  limb  area,  i.e.,  opposite  the  lowest  point  of  the  intra-parietal  sulcus;  the 
fingers  have  their  seat  of  greatest  intensity  immediately  above  that  of  the  thumb  ;  the 
representation  of  the  wrist  is  situated  just  above  that  for  the  fingers  ;  while  the  elbow 
is  represented  higher  up  than  the  wrist,  near  the  upper  limit  of  the  area.  The 
representation  of  the  shoulder  forms  the  upper  limit  of  the  upper  limb  area,  being 
localised  rather  higher  up  than  that  for  the  elbow. 

It  will  also  be  noted  as  most  important  that,  whereas  the  representation  of  the 
thumb  is  confined  entirely  to  the  lowest  part  of  the  upper  limb  area,  the  shoulder  is 
represented  almost  entirely  at  the  uppermost  limit  of  this  area,  i.e.,  the  two  extreme 
segments  of  the  upper  limb  are  limited  in  their  representations  to  the  extreme  endr,  of 
the  area. 
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Fig.  4.— Absolute  representation  of  turning  of  the  Head  Fig.  4a.— Primary   representation  of  turning  of  the  Head 

TOWARDS  THE  OPPOSITE  SIDE.  TOWARDS  THE  OPPOSITE  SIDE. 


Fig.  6a.—  Primary  representation  of  the  Hallux. 


Fig.  7.— Adsolute  representation  of  All  Toes. 
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fig.  S.— Representation  of  the  movement  of  Flexion  of  Fig-  9.— Absolute  representation  of  the  Small  Toes. 

All  Toes. 


Fig.  10. — Primary  representation  of  the  Small  Toes. 


Fir.  n.—  Absolute  representation  of  the  Ankle. 


Fie.  12. —Absolute  representation  of  tup.  Knee. 


Fig.  13.  -Absolute  representation  of  the  Hip. 
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Fig,  20.— Absolute  representation  ok  the  Shoulder. 
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Introduction. 

In  the  following  paper  we  propose  to  give  the  results  of  a  research  on  which  we  have 
been  engaged  nearly  three  years,  and  by  which  we  hoped  to  elucidate  the  arrange- 
ment of  the  motor  fibres  in  the  internal  capsule. 

The  fibres  which  connect  the  excitable  areas  in  the  cortex  cerebri  with  the.  bulbo- 
spinal grey  matter  in  the  medulla  oblongata  and  spinal  cord  are  commonly  spoken  of 
as  forming  the  pyramidal  tract. 

These  fibres  course  downwards  between  the  caudate  and  lenticular  portions  of  the 
corpus  striatum  and  the  optic  thalamus.  In  passing  through  this  region  they  enter 
into  the  composition  of  the  bundles  of  white  fibres,  which  received  from  the  older 
anatomists  the  unfortunately  misleading  title  of  the  internal  capsule.    It  is  obvious 

*  The  expenses  of  this  investigation  havo  been  defrayed  by  a  grant  partly  from  the  Royal  Society, 
and  partly  from  the  British  Medical  Association. 
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that,  when  the  destination  and  function  of  these  fibres  is  fully  known,  this  term 
will  be  abandoned  with  great  advantage  for  a  specific  topographical  nomenclature. 
At  present,  however,  we  must  use  the  old  expression  in  default  of  a  better  one. 

In  previous  investigations  ('Phil.  Trans.,  B.,  1887,  1888)  we  have  described  the 
foci*  of  representation  in  the  cortex  cerebri  of  the  Macacque  Monkey  (Macaws  sinicus), 
of  the  movements  of  the  chief  divisions  of  the  body. 

It  remained  for  us  to  see  whether  there  were  issuing  from  such  foci  bundles  of 
fibres  conveying  the  functional  impulses  originating  in  those  foci,  and  whether  such 
fibres  were  arranged,  as  has  been  suggested  by  one  of  us  ('  Lancet,'  July,  1884),  in  an 
order  similar  to  that  which  prevails  on  the  surface  of  the  cortex. 

From  what  has  been  already  done  in  this  matter  it  is  evident  that  the  problem  can 
be  attacked  in  two  different  ways,  either  by  stimulation  of  the  motor  fibres  of  the 
internal  capsule,  or  by  removing  different  parts  of  the  so-called  motor  cortex,  and 
tracing  downwards  the  degeneration  produced  in  the  motor  fibres  through  the  internal 
capsule  and  crus  cerebri. 

In  this  present  paper,  we  have  employed  only  the  former  of  these  two  methods, 
viz.,  electrical  stimulation  of  the  fibres  of  the  internal  capsule,  as  exposed  in  horizontal 
section  of  the  hemisphere.  Some  knowledge  of  the  arrangement  of  the  fibres  in  the 
internal  capsule  has  already  been  gained  by  experimental  and  anatomical  research, 
and  the  facts  as  known  at  the  present  time  we  will  now  summarise. 

Historical  Introduction. 

Previous  writers,  on  this  question,  have  investigated  the  subject  by  several  methods 
in  different  kinds  of  animals,  viz.,  Rodents,  Carnivora,  Monkeys,  and  Man.  The 
methods  employed  were  for  the  most  part  anatomical,  or  consisted  in  tracing  paths  of 
degeneration.  Very  rarely  has  excitation  been  resorted  to.  Considering  the  varied 
mode  in  which  movement  is  represented  in  the  cortex  of  the  brain  in  different  animals, 
we  have  thought  it  best  to  arrange  the  facts  we  have  deduced  from  the  above 
researches  under  the  headings  of  the  various  species  of  the  animal  examined,  in  the 
order  already  given. 

Birds. 

Pitres+  found  that  in  Pigeons  and  Chickens  ablation  of  a  hemisphere  produced  no 
descending  degeneration. 

Mammals. 

Rodents. 

PiTREst  found  that  in  the  Guinea  Pig  and  Rabbit  destruction  of  the  excitable  parts 

*  By  the  term  "foens"  wo  menu  fcho  point  where  the  movements  of  any  given  segment  are  most 
intensely  represented, 
t  '  Comptes  Rondos  de  l'Acadomie  dos  Sciences,'  vol.  99,  July,  1884,  p.  89. 
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of  the  cortex  produced  descending  degeneration,  which  cannot  be  traced  beyond  the 
lower  limits  of  the  bulb— i.e.,  beyond  the  anterior  pyramid  of  the  same  side. 

Nothnagel*  never  observed  motor  paralysis  to  follow  either  unilateral  or  bilateral 
division  of  the  internal  capsule  in  the  Rabbit. 

MoNAKOwt  removed  in  the  Rabbit  the  anterior  portion  of  the  hemisphere,  including 
part  of  the  excitable  zone,  and  found  that  this  was  followed  by  atrophy  of  the 
anterior  part  of  the  internal  capsule.  Removal  of  the  middle  zone  of  the  cortex 
produced  atrophy  of  the  third  fifth  of  the  capsule,  while  destruction  of  the  hinder 
third  of  the  hemisphere  (i.e.,  occipital  portion)  caused  atrophy  of  the  hinder  third  of 
the  capsule.  He  further  found]:  that  removal  of  Ferrier's  centres  6  and  9  produced 
respectively  atrophy  of  the  hinder  and  dorsal  part,  and  of  the  posterior  part  of  the 
capsule.    Finally,  the  corpus  striatum  was  always  normal. 

Gudden  §  figures  (fig.  4,  Taf.  VIII.)  a  section  of  the  hemisphere  of  a  Rabbit,  the 
upper  third  of  which,  including  a  thin  slice  of  the  corpus  striatum,  had  been  removed. 
The  specimen  shows  marked  atrophy  of  the  internal  capsule.  The  same  author ||  also 
removed  in  young  Rabbits  the  frontal  lobe  ("  stirnhirn  ")  and  found  that  while  the 
corpus  striatum  remained  normal,  the  "  medial  part  of  the  peduncle "  and  the 
corresponding  pyramid  and  spinal  cord  were  atrophied. 

Carnivora. 

Several  authors  have  made  experiments  on  the  Cat  and  Dog. 

J.  Burdon-S  Anderson  IT  excited  electrically  in  the  Cat  the  fibres  of  the  corona 
radiata,  and  subsequently  the  corpus  striatum,  producing  the  same  movements  as  he 
had  previously  obtained  by  excitation  of  the  cortex. 

Carville  and  Duret.##  These  authors  divided  the  anterior  two-thirds  of  the 
internal  capsule  in  the  Dog,  and  thus  produced  hemiplegia.  In  a  second  experiment 
they  found  that  division  of  the  posterior  three-fourths  produced  also  hemiplegia,  but 
accompanied  by  hemianfEsthesia. 

VuLPiAN,tt  having  extirpated  the  right  sigmoid  gyrus  183  days  previously,  the 
right  internal  capsule  was  found,  j)Ost  mortem,  to  be  "much  thinner"  than  that 
of  the  left  side. 

*  'Archiv  fiir  Pathologische  Anatomie  und  Physiologic  und  fur  KHnische  Medicin,'  vol.  71,1877, 
p.  280. 

f  "Weitere  Mittheilungen  iiber  die  Extirpation  circurascripter  Hirnrindenregionen,  &c."    '  Arclnv 
fiir  Psychiatrie  und  Nervenkrankheiteu,'  vol.  12,  1882,  p.  535. 
\  Loc.  cit.,  p.  141. 

§  'Archiv  fiir  Psychiatrie,'  &c,  vol.  2,  1870,  p.  693. 

||  1  Correspondenzblatt  fiir  Schweizer  Aertzte,'  vol.  2,  p.  79. 

f  Note  on  the  "Excitation  of  the  Snrfaco  of  the  Cerebral  Hemispheres  by  Induced  Currents," 
'  Roy.  Soc.  Proc.,'  vol.  22,  p.  368,  1874. 

*•  "Sur  les  Fonctions  des  Hemispheres  Covebraux,"  '  Archives  de  Physiologic,  vol.  2,  1875,  p.  465. 
tt  'Archives  de  Physiologic'  vol.  3,  1876,  p.  814. 
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Pitres*  found  marked  descending  degeneration  in  the  Dog  and  Cat,  after  ablation 
of  the  excitable  cortex,  around  the  crucial  sulcus.  The  major  part  of  the  degeneration 
ceased  at  the  lower  limit  of  the  bulb. 

GuDDENt  found  that  extirpation  of  the  frontal  region  (stirnhirn)  in  young  Dogs 
produced  atrophy  of  the  "medial  part  of  the  peduncle,"  corresponding  pyramid  and 
spinal  cord. 

LowenthalJ  found  that  in  the  Dog,  after  removal  by  Professor  Herzen  of  the 
left  sigmoid  gyrus,  some  of  the  lenticulo-striate  fibres  were  atrophied  just  in  front 
of  the  genu,  and  that,  of  the  posterior  limb,  the  fibres  composing  its  anterior  third 
were  also  atrophied.  In  a  section  taken  lower  down,  just  above  the  level  of  the 
anterior  commissure,  the  portion  of  the  posterior  limb  of  the  internal  capsule  found  to 
be  degenerated  proved  to  be  the  second  and  third  fifths  from  before  back. 

A  section  through  the  upper  part  of  the  crus  showed  the  inner  two-thirds  to  be 
degenei-ated  ;  while  in  a  section  lower  down — i.e.,  opposite  the  exit  of  the  third  nerve 
— the  middle  third  only  was  degenerated. 

France;  and  Pitres§  obtained,  on  excitation  of  the  internal  capsule  in  the  Dog,  the 
following  results : — 

Dividing  the  capsule  into  motor  fasciculi,  they  found  the  arrangement  from  before 
backwards  to  be  as  follows  : — 

Opening  of  eyelids  and  dilatation  of  pupils  ; 

Movement  of  opposite  fore  foot  only ; 

Associated  movements  of  both  opposite  limbs  ; 

Movement  of  opposite  hind  limb  only  ; 

Closing  eyelids ; 

Pricking  of  the  opposite  ear. 
Veyssiere,||  by  a  special  instrument,  produced  hemianesthesia  by  a  lesion  of  the 
posterior  third  of  the  hinder  limb  of  the  internal  capsule. 

Quadrumana. 

SchaferIT  noted  the  following  facts  in  a  Monkey  previously  operated  on  by  Professors 
Ferrier  and  Yeo  : — 

The  parts  removed  were  the  ascending  frontal  gyrus,  except  a  small  portion  at  the 

*  '  Comptes  Rendus  de  1'Academie  des  Sciences,'  vol.  99,  July,  1864,  p.  90. 
t  Lor,,  oil. 

t  "  La  Region  pyramidale  de  la  Capsule  Interne  chez  le  Chien,  et  la  Constitution  du  Cordon  antero- 
lateral de  la  Moelle."    '  Revue  Medicale  de  la  Suisse  Romande,'  vol.  6,  p.  529,  Plates  VII.  and  VIII.,  1886. 

§  'Lecons  sur  les  Fonctions  Motrices  du  Cerveau,'  &c,  par  Franck.    Paris,  1887,  pp.  21,  22. 

||  '  Recherches  Cliniques  et  Experimentales  sur  l'Hemianoesth<$sie  de  Cause  Cerebrale,'  1874. 

IT  "  Report  on  the  Lesions,  Primary  and  Secondary,  in  the  Brain  and  Spinal  Cord  of  the  Macacque 
Monkey  exhibited  by  Professors  Ferrier  and  Yeo."  '  Journ.  of  Physiology,'  vol.  4,  Nos.  4  and  5,  Doc., 
1883,  p.  323,  Plate  XIT. 
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upper  end  next  the  longitudinal  fissure,  and  except  also  its  lower  end,  amounting 
nearly  to  one-third  of  the  length  of  the  whole  gyrus ;  also  the  posterior  third  of  the 
upper  division  of  the  anterior  portion  of  the  frontal  lobe. 

Further,  the  ascending  parietal  gyrus  was  removed,  except  5  mm.  at  the  upper  and 
6  mm.  at  the  lower  end,  and  a  small  piece  of  the  parietal  lobule ;  and,  in  addition, 
rather  more  than  half  of  the  ascending  limb  of  the  angular  and  the  supra-marginal 

The  effects  of  this  lesion  were  as  follows  : — 

Internal  capsule. — Sections  of  the  internal  capsule  showed  in  its  "central  part"  a 
number  of  bundles  mostly  degenerated,  which  were  not  all  closely  packed  together,  but 
were  somewhat  scattered,  being  here  and  there  separated  by  others  which  presented  a 
normal  appearance.  In  many  of  the  flattened  degenerated  bundles  there  was  a  thin 
layer  forming  a  sort  of  cortical  stratum,  in  which  the  fibres  appear  normal. 

In  a  section  of  the  crus  cerebri  a  patch  of  degeneration  was  found  to  be  situated  in 
the  central  part  of  the  crusta,  localised  near  the  ventral  border  as  an  oval  area  tapering 
mesially. 

Ferrier*  found  in  the  Monkey  that  removal  of  the  prefrontal  regions  was 
followed  by  degeneration  of  "the  lowermost  and  most  internal"  fibres  in  "the 
transverse  sections  of  the  internal  capsule  and  the  most  median  bundles  of  the  foot 
of  the  crus  cerebri." 

Examination  of  the  photographs  of  the  brains  shews  that  in  each  case  the  cortical 
areas  for  turning  of  the  head  and  eyes  were  encroached  upon  by  the  lesion. 

Man. 

TuRCK-t  in  his  original  memoir  showed  that  in  cases  of  long-standing  hemiplegia 
the  hinder  and  upper  part  of  the  capsule  was  degenerated,  and  also  the  middle 
segment  of  the  crus. 

FlechsigJ  observed  in  a  new-born  infant,  44  cm.  long,  that  the  internal  capsule 
was  white  only  between  the  thalamus  and  lenticular  nucleus.  At  the  same  time  the 
laminae  medullares  of  the  lenticular  nucleus  as  well  as  the  fibres  surrounding  their 
posterior  extremities  were  brighter  than  the  neighbouring  parts.  In  the  crus  cerebri 
there  was  seen  on  the  lower  and  outer  side  a  sharply  bounded  bright  band  3  mm. 
broad  (pyramidal  tract)  which  was  continued  up  into  the  internal  capsule  close  to  the 
innermost  zone  of  the  lenticular  nucleus.    In  a  further  paper  §  he  shows  reason  for 

*  "  A  record  of  experiments  on  the  effects  of  Lesion  of  different  regions  of  the  Cerebral  Hemispheres," 
with  Gerald  Yeo,  '  Phil.  Trans.,'  1884.— Experiments  22  and  23,  p.  528. 

f  '  Sitzungsberichte  der  mathematisch-naturwissenschaf  tlichen  Classe  der  Kaisorliclien  Akademie  der 
Wissenschaften,'  vol.  6,  Wien,  1851,  p.  300. 

%  '  Die  Leitungsbahnen  im  Gehirn  und  Riickenmark  des  Menschen,'  Leipzig,  187G,  pp.  27,  28,  Taf.  II., 

fig-  3. 

§  '  Archiv  fiir  Anat.  nnd  Phys.  (Anat.  Abth.),'  1881,  p.  12. 
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believing  that  in  a  horizontal  section  through  the  upper  border  of  the  middle  zone  of 
the  lenticular  nucleus,  the  pyramidal  tract,  including  the  fibres  to  the  seventh  and 
twelfth  nerves,  occupies  the  second,  third,  and  fourth  sixths  of  the  posterior  limb  of 
the  internal  capsule. 

Charcot*  sub-divided  the  capsule  according  to  his  well-known  plan,  as  follows  : — 

The  anterior  limb  he  termed  the  lenticulo-striate  bundle.  The  posterior  limb  he 
subdivided  into  thirds,  the  two  anterior  of  which  he  regarded  as  belonging  to  the 
pyramidal  tract,  while  the  remaining  third  was,  he  believed,  limited  to  the  trans- 
mission of  afferent  impressions. 

We  may  remark  that,  as  will  subsequently  be  seen,  this  description  applies  only  to 
one  sectional  level  of  the  capsule. 

BftissAUDt  made  the  most  numerous  clinical  observations  on  this  point.  According 
to  him  there  exist  in  the  crus  cerebri  four  bundles,  whose  relations  from  behind  for- 
wards may  be  stated  as  follows  : — 

1.  A  posterior  bundle  for  the  transmission  of  sensory  impressions  (Charcot, 
Meynert). 

2.  A  middle  bundle  for  the  innervation  of  the  muscles  of  the  limbs  and  trunk. 

3.  A  bundle  of  small  size,  which  he  called  the  geniculate  bundle  on  account  of  its 
connection  with  the  genu  of  the  internal  capsule.  This  bundle  includes  motor  fibres, 
and  is  distributed  to  the  bulbar  nuclei  for  the  movements  of  the  muscles  of  the  face, 
the  tongue  (perhaps  the  soft  palate)  ;  in  fact  to  all  parts  of  the  head  and  face  which 
can  be  acted  on  voluntarily. 

4.  An  internal  bundle  which  ends  in  like  manner  in  the  bulb,  and  whose  degenera- 
tion only  seems  to  be  coincident  with  intellectual  derangements. 

To  these  four  bundles  the  four  following  divisions  of  the  internal  capsule 
correspond. 

1.  To  the  posterior  bundle,  the  posterior  third  of  the  hinder  limb  corresponds  (i.e., 
the  region  of  hemianesthesia,  Charcot,  Raymond). 

2.  To  the  middle  bundle,  the  anterior  two-thirds  of  the  hinder  limb. 

3.  The  bundle  which  he  called  geniculate,  corresponds  to  the  genu  of  the  capsule. 

4.  Finally  the  whole  of  the  anterior  limb  of  the  internal  capsule  corresponds  to  the 
internal  bundle  of  the  crus. 

Contrary  to  what  certain  authors  have  stated,  the  crus  cerebri  cannot  become  com- 
pletely degenerated ;  in  other  words  there  is  a  limit  which  the  degeneration  cannot 
overstep. 

This  maximum  degeneration  is  recorded  by  him  in  observation  VII.,  where  the 

*  '  Le9ons  sur  les  Localisations  dans  les  Maladies  du  Cerveau  et  de  la  Moollo  Epinierc,'  187(5-1880, 
pp.  221-224. 

t  'Rechcrches  Bur  la  Contracture  Permanonte  des  Heiniplegiques,'  Paris,  1880,  p.  38. 
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degeneration  affected  the  internal  three-fourths  of  the  lower  level,  and  only  the 
posterior  fourth  escaped.  In  this  case  all  the  frontal  lobe,  the  whole  of  the  parietal 
lobe  and  a  great  part  of  the  occipito- sphenoidal  lobe  had  been  destroyed  by  an 
extensive  superficial  softening. 

Meynert*  divides  the  internal  capsule  into  five  different  kinds  of  bundles, 
viz. : — 

1.  Fibres  passing  from  the  cortex,  as  laminee  medullares,  between  the  zones  of  the 
lenticular  nucleus. 

2.  A  bundle  passing  from  the  frontal  region  to  the  optic  thalamus,  and  also  forming 
part  of  the  stratum  zonale. 

3.  Fibres  from  the  nucleus  caudatus  to  the  crus  cerebri. 

4.  Fibres  from  the  nucleus  lenticularis  to  crus  cerebri. 

5.  A  group  of  fibres  (the  most  posterior)  which  pass  to  the  tegmentum. 
Hughes  Bennett!"  and  Campbell  published  a  remarkable  case  in  which  the  left 

arm  was  completely  paralysed  by  a  haemorrhage  in  the  internal  capsule. 

The  lesion  was  found  post-mortem  and  located  as  nearly  as  possible  to  the  junction 
of  the  most  anterior  and  second  fourth  of  the  posterior  limb. 

Dejerine^  reported  a  case  in  which  a  tubercular  tumour  of  the  size  of  a  nut, 
"  seated  on  the  internal  capsule,  between  the  posterior  part  of  the  optic  thalamus 
and  the  capsule  itself,"  produced  paralysis  of  the  right  upper  limb,  together  with 
incomplete  right  hemiansesthesia. 

Obersteiner§  figures  an  arrangement  of  the  fibres  of  the  capsule  and  crus  similar 
to  that  given  by  Brissaud  and  Charcot. 

Wernicke||  states  that  the  anterior  limb  of  the  internal  capsule  is  composed  of 
fibres,  which  pass  partly  into  the  subthalamic  region,  and  partly  into  the  mesial  side 
of  the  crus,  and  that  the  fibres  coming  from  the  nucleus  caudatus  pass  circuitously 
through  the  laminae  medullares  round  the  two  inner  zones  of  the  lenticular  nucleus. 

Anatomy  of  the  Internal  Capsule. 

Definition  of  the  term. — As  before  said  the  term  internal  capsule  has  been  given  to 
the  descending  and  ascending  fibres  of  the  corona  radiata,  while  passing  between  the 
basal  ganglia  ;  consequently  we  assume  that  the  term  is  only  applicable  to  the  fibres 
so  long  as  they  are  passing  between  the  two  following  levels. 

The  upper  of  these  levels  is  shown  in  Plate  11,  fig.  2,  which  is  constructed  from 

*  '  Psychiatrie,'  Wien,  1884,  p.  77. 

f  "  Case  of  Brachial  Monoplegia  due  to  Lesion  of  the  Internal  Capsule,"  '  Brain,'  vol.  8,  p.  78,  April, 
1885. 

X  Quoted  in  article  "  Encephale,"  '  Dictionnaire  des  Sciences  Medicales,'  1887. 

§  'Anleitung  beim  Studium  des  Baues  der  Nervosen  Centralorgane  im  gesunden  und  kranken 
Zustande,'  1888,  p.  255. 

||  'Lehrbuch  von  den  Gehirnkranheiten,'  Cassel,  1881,  vol.  1,  p.  85,  fig.  44. 
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a  photograph  of  a  transverse  vertical  section  of  a  Monkey's  (Macacus  sinicus)  right 
hemisphere.  This  superior  level  (black  dotted  line)  is  seen  to  be  a  plane  directed 
slightly  obliquely  downwards  and  outwards,  and  resting  on  the  upper  surfaces  of  the 
caudate  .and  lenticular  nuclei. 

The  lower  level  is  scarcely  a  plane,  owing  to  the  configuration  of  the  basal  ganglia, 
as  about  to  be  described,  but  its  general  direction  is  roughly  represented  by  a  plane 
inclined  upwards  and  backwards  in  a  line  with  the  upper  surface  of  the  optic  tract 
and  drawn  from  the  optic  chiasma  backwards  and  upwards  to  the  posterior  extremity, 
or  the  pulvinar,  of  the  optic  thalamus. 

Of  course  these  levels  are  purely  arbitrary  divisions  of  the  fibres  of  the  pyramidal 
tract,  separating  a  part  of  them  from  the  centrum  ovale  above  and  the  cms  cerebri 
below. 

The  internal  capsule  may  be  described  as  consisting  of  bundles  of  fibres,  arranged 
like  the  rays  of  a  fan,  of  which  the  handle  if  broadened  would  represent  the  crus 
cerebri,  while  if  the  fan  be  considered  to  be  held  laterally  in  a  plane  parallel  to  the 
sagittal  section  of  the  hemisphere,  the  outside  rays  would  correspond  respectively 
with  what  we  shall  hereafter  term  the  antero-inferior  and  postero-superior  borders  of 
the  internal  capsule,  this  is  represented  in  fig.  3,  which  is  a  photograph  of  a  sagittal 
section  of  a  Monkey's  brain  (Macacus  sinicus). 

Viewed  in  horizontal  section  the  capsule  is  limited  by  lines  drawn  at  right 
angles  to  the  anterior  and  posterior  extremities  of  the  lenticular  nucleus. 

Although  this  view  of  the  fibres  composing  the  internal  capsule  is  useful  to  bear  in 
mind,  it  nevertheless  does  not  express  the  whole  facts  of  the  case.  In  the  first  place 
we  have  to  remember  that  extending  down  towards  the  base  of  the  brain,  i.e.,  towards 
the  basal  ganglia  and  internal  capsule,  is  a  large  number  of  fibres  converging  from  all 
parts  of  the  cortex  mantle. 

Arranged  in  order  from  before  back,  these  fibres  may  be  enumerated  as  follows, 
irrespective  of  the  impulses  which  they  are  generally  considered  to  convey,  classified 
according  to  the  region  of  the  cortex  with  which  they  are  apparently  connected. 

I.  Prefrontal. 
II.  Excitable,  Pyramidal,  or  Pronto-Parietal. 

III.  Temporal. 

IV.  Occipito-Temporal. 
V.  Occipital. 

These  fibres  are  shown  in  their  relation  to  the  basal  ganglia,  anterior  commissure, 
&c,  in  the  accompanying  figs.  4,  5,  6.  These  are  drawn  from  a  dissection  of  a 
hardened  Monkey's  (M.  sinicus)  brain  in  which  the  large  majority  of  the  hemisphere 
has  been  cut  away,  leaving  uninjured  the  nuclei  of  the  corpus  striatum.  In  fig.  4  the 
ventricular  aspect  of  the  mass  thus  obtained,  and  also  in  fig.  6,  is  seen  a  dotted  line 
in  front,  showing  how  much  of  the  grey  matter  forming  the  anterior  perforated  spot, 
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and  part  of  the  amygdaloid  nucleus  had  to  be  cut  away  to  reveal  the  anterior 
commissure  (a.c.)  running  under  the  corpus  striatum. 

The  convergence  of  the  fibres  of  the  capsule  is  seen  in  fig.  6,  in  which  the  whole  of 
the  corona  radiata,  outer  capsule  and  claustrum,  have  been  removed.  It  shows  the 
caudate  nucleus  terminating  posteriorly  in  the  surcingle,  which  ends  in  the  grey  matter 
under  the  lenticular  nucleus. 

It  is  clear  that  these  fibres,  Avhen  they  approach  the  basal  ganglia,  either  end  in 
these  ganglia  or  pass  between  them  to  and  from  the  mesencephalon. 

(1)  Do  any  of  the  fibres  descending  from  the  cortex  end  in  the  basal  ganglia  % 
This  is  a  question  which  will  recur,  and  as  its  elucidation  does  not  immediately 

concern  us  in  considering  the  present  point,  it  may  be  postponed,  see  pp.  68,  72. 

(2)  Do  the  fibres  pass  between  the  basal  ganglia  to  the  mesencephalon,  and  if  so 
which  of  the  classes  above  enumerated  ? 

The  answer  to  this  question  is  easier.  In  the  first  place  the  important  fibres 
known  as  the  pyramidal  tract  pass  downwards  from  the  cortex,  through  the  internal 
capsule  into  the  cms  and  to  the  pyramidal  region  of  the  mesencephalon.  These 
fibres  are  universally  recognised  to  be  the  efferent  or  motor  fibres  of  the  cortex 
system,  and  it  is  the  result  of  the  excitation  of  these  fibres  which  forms  the  subject 
of  the  present  communication.  In  order  to  make  the  arrangement  of  these  fibres — 
as  we  believe  them  to  exist — more  intelligible,  we  must  first  refer  to  the  pre- 
frontal class. 

I.  Prefrontal. — The  fibres  coming  from  the  praefrontal  region  unquestionably 
appear  in  the  anterior  limb  of  the  internal  capsule  as  horizontal  bundles,  and  compose 
its  antero-inferior  border. 

Excitation  of  the  prefrontal  region  of  the  cortex,  as  is  well-known,  has  produced 
no  muscular  movement  except  in  the  hands  of  Munk.^  Ablation  of  the  same  region 
has  been  stated  by  Professor  Ferrier  t  to  have  been  followed  by  descending  degene- 
ration in  the  fibres  of  the  anterior  limb  of  the  internal  capsule.  His  results,  however, 
judging  from  the  figures  he  gives  of  the  brains  thus  operated  upon,  seem  to  have 
included  portions  of  the  excitable  area  for  the  representation  of  the  movements  of  the 
head  and  eyes. 

Anatomical  investigation  goes  to  show  that  the  fibres  of  the  anterior  limb  of  the 
capsule  pass  to  the  mesial  side  of  the  crus  and  also  to  the  subthalamic  region.  Of 
such  fibres  our  method  gave  only  negative  evidence,  since  in  Groups  III.,  VI.,  VII. 
(see  fig.  1)  the  anterior  limb  was  practically  inexcitable,  it  is  therefore  clear  that 
these  prefrontal  fibres  at  any  rate  do  not  possess  efferent  motor  function. 

*  MtJNK,  "  Ueber  die  Stirnlappen  des  Grosshirns ;"  '  Sitzungsbericlito  der  k.  Preussisckeu  Akadeniie,' 
1882. 

t  '  Functions  of  tho  Brain,'  2nd  edition,  pp.  308,  399. 
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Whatever  be  their  function  it  is  evident  that  the  fibres  entering  the  anterior  limb 
are  arranged  much  as  is  indicated  in  fig.  3,  and  that,  regarding  the  hemisphere  as 
fixed  with  its  greatest  length  in  a  horizontal  plane,  we  may  group  these  fibres,  accord- 
ing to  their  vertical  relations  to  such  a  plane,  into  : — 

a.  Superior  and  Descending. 

b.  Horizontal. 

c.  Inferior  and  Ascending.    See  also  figs.  3,  5,  G. 

But  further,  on  account  of  the  manner  in  which  the  grey  cortical  mantle  of  the 
frontal  lobe  presents,  roughly  speaking,  the  form  of  a  cap  or  segment  of  a  globe,  we 
must,  in  addition,  sub-divide  these  fibres  according  to  their  relative  position  about  the 
horizontal  plane  of  the  hemisphere.  Hence  we  must  speak  of  a  middle  bundle,  viz., 
those  from  the  tip  and  anterior  part  of  the  lobe ;  of  an  internal  group,  viz.,  those 
coming  from  the  mesial  surface,  i.e.,  of  the  anterior  third  of  the  marginal  and  neigh- 
bouring gyri  j  and  of  an  external  group,  i.e..  those  coming  from  the  outer  part  of 
lower  frontal  gyri  (of  course  excitable). 

Many  of  these  bundles  will  be  referred  to  under  the  next  heading,  and  the 
destination  of  the  remainder,  i.e.,  of  the  truly  prsefrontal,  we  have  already  discussed. 

To  sum  up  then,  it  is  evident  that  we  have  excitable  fibres  coming  into  the 
anterior  limb  from  the  so-called  motor  cortex  lying  on  the  external  aspect  of  the 
hemisphere  in  the  opercular  region,  and  these  we  regard  as  motor.  The  mass, 
however,  of  the  anterior  limb  is  composed  of  the  bundles  of  fibres  coming  from  the 
most  anterior  and  mesial  surfaces  of  the  frontal  lobe,  these  being  no n- excitable. 

Looked  at  in  their  sagittal  arrangement,  we  find  that  the  excitability  diminishes 
from  above  down,  or,  in  other  words,  the  pyramidal  portion  deci-eases  and  the 
prsefrontal  and  non-excitable  increases. 

II.  Excitable  or  Pyramidal,  Fronto-Parietal. — This  is  the  collection  of  fibres 
commonly  known  as  the  pyramidal  tract,  and  which  on  being  stimulated  produce 
movement  in  a  distinctive  manner.  Strictly  speaking,  the  term  pyramidal  tract 
should  apply  only  to  those  fibres  contained  in  the  pyramids,  i.e.,  those  for  the  muscles 
of  the  limbs  and  trunk.  In  fact,  many  authors  divide  the  "  motor  "  capsular  fibres 
into  two  groups,  one  devoted  to  the  cerebral  nerves,  and  the  other  termed  the 
pyramidal  fibres.  This  distinction  we  consider  fair,  but  the  term  pyramidal  tract 
has  been  so  extended  as  to  include  these  two  groups  of  so-called  motor  fibres.  But, 
while  we  agree  in  general  to  this  distinction,  it  must  not  be  forgotten  that  these  two 
sets  of  fibres  are  not  in  utterly  distinct  compartments,  but  that  the  area  of  each 
overlaps. 

We  would  prefer,  therefore,  to  employ  the  term  excitable  to  express  the  whole 
number  of  fibres  possessing  "  efferent"  or  "  motor"  function. 

These  fibres  we  presnme  come  from  most  of  the  excitable  portions  of  the  cortex. 
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We  say  most  of  the  excitable  region,  because  the  recent  investigations  of  Schafer* 
show  that  on  excitation  of  the  occipital  and  angular  gyri  certain  movements  of  the 
eyes  are  evoked,  which,  by  reason  of  their  greater  latency  of  production,  seem  to  be  a 
result  of  secondary  stimulation  of  the  area  for  such  movements  situated  in  the  frontal 
region. t  Consequently,  although  this  point  is  still  greatly  sub  judice,  it  seems 
probable  that  the  excitable  fibres  of  the  internal  capsule  only  come  from  the  fronto- 
parietal region.  The  course  they  take  to  reach  the  various  points  in  the  capsule  will 
be  determined  by  the  anatomical  relations  of  the  cortical  mantle  to  the  basal  ganglia, 
the  exact  lines  of  such  courses,  though  not  yet  determined  anatomically,  may  be 
theoretically  imagined. 

We  have  ascertained  the  anterior  and  posterior  limits  respectively  of  the  excitable 
fibres  in  each  experiment,  and  have  constructed  the  following  outlines,  see  fig.  1 
(twice  the  natural  size),  showing  the  delimitation  of  these  fibres  in  each  group,  the 
position  of  each  point  being  determined  by  the  averages  given  in  Table  L,  see  next 
page. 

III.,  IV.,  V.  TJie  Temporal,  Occipito-Temporal,  and  Occipital  Fibres. — The 
delimitation  of  these  fibres  we  have  only  in  the  present  research  ascertained  by  the 
process  of  exclusion,  i.e.,  by  their  non-excitability.  We  believe  that  they  have  for 
the  most  part  to  do  with  the  general  and  special  senses,  but  the  method  of  the 
present  research  does  not  throw  any  fresh  light  on  the  subject. 

It  is,  however,  worthy  of  note  that  even  in  the  narcotised  state,  when  the  scalpel 
divided  these  fibres  at  the  hinder  end  of  the  capsule,  there  frequently  occurred  a 
marked  general  reflex  movement.  Excitation  of  the  peripheral  ends  of  these  cut 
fibres  produced,  of  course,  no  effect. 


*  '  Roy.  Soc.  Proa,'  vol.  43,  1888,  p.  411. 

t  Of.  also  Sherrington's  very  valuable  anatomical  confirmation  of  Schafer's  statements.  '  Pro- 
ceedings of  the  Physiological  Society,'  March,  1889. 
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Table  I.* 
Group  I. 


Character  of  movement. 


Tongue  protruded  

Mouth  opens  

Eyes  turn  

Opening  eyes  

Head  and  eyes  turn  (simultaneously)  . 

Head  turns   

Retract  angle  of  mouth     .    .  •  .    .  . 

Shoulder  

Elbow    .   .'  . 

Eingers  

Abdomen  

Wrist  

Thumb  .  .  

Hip  

Small  toes  

Hallux  

Knee     .    .'  .    .  ; 

Ankle  


A  UJ.I1  L 

A     i.  ■ 

iijiterior 

(Jl  UUnUI  VcU 

limit. 

in  ten  si  u  v. 

7 

13 

22 

24 

41 

42 

58 

61 

62 

67 

70 

75 

76 

76 

78 

81 

80 

81 

86 

Posterior    L  . 
limit.  Average. 


24 

15 

51 

32 

60 

41 

55 

39 

54 

47 

50 

64 

64 

82 

71 

66 

87 

74 

80 

73 

88 

79 

81 

78 

83 

79 

94 

85 

98 

88 

96 

88 

93 

87 

95 

90 

Length  of  capsule,  100. 

Group  II. 


Character  of  movement. 

Anterior 
limit. 

Point 
of  observed 
maximal 
intensity. 

Posterior 
limit. 

Average. 

25 

50 

68 

47 

37 

61 

49 

42 

62 

71 

56 

43 

57 

Retract  angle  of  mouth  

48 

55 

83 

65 

55 

.  .88 

.71  . 

57 

61 

59 

58 

75 

86.  • 

72  • 

Elbow  

58 

81 

87 

72 

Wrist  

60 

71 

65 

60 

80 

70 

Thumb  

73 

81 

90 

81 

Hip  

75 

86 

80 

79 

85 

82 

Small  toes  

82 

88 

91 

86 

84 

96 

90 

Head  and  eyes  turn  .... 

54 

84 

92 

93 

100 

96 

Length  of  capsule,  100. 


*  See  also  p.  71. 
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Grov/p  III. 


■ 

Character  of  movement. 

Anterior 
limit. 

Point 
of  observed 
maximal 
intensity. 

Posterior 
limit. 

Average. 

41 

54 

62 

48 

49 

60 

\J\J 

Head  and  eyes  turn  (simultaneously) 

53 

60 

tJ\J 

56 

70 

63 

57 

71 

64 

58 

71 

79 

68 

62 

73  • 

72 

67 

Elbow    .    .  .  

66 

88 

77 

Tlmrnb  

69 

84 

77 

69 

73 

84 

77 

Shoulder  

69 

70 

84 

77 

Wrist    .    .    .  •  . 

70 

74 

88 

79 

Hip  

79 

84 

82 

80 

86 

83 

80 

86 

83 

83 

89 

86 

Hallux  

84 

91 

87 

85 

91 

87 

Length  of  Capsule,  100. 


Group  IV. 


Character  of  movement. 

Anterior 
limit. 

Point 
of  observed 
maximal 
intensity. 

Posterior 
limit. 

Average. 

23 

57 

...  40-  - 

30 

45 

60  • 

-     45  - 

34 

55 

65 

■-  55 

40 

62 

51 

50 

65 

57 

50 

65 

85 

65 

52 

80 

66 

Head  and  eyes  turn  (simultaneously) 

55 

75 

55 

55' 

65  • 

55 

80 

67 

55 

82 

72 

62 

82 

72 

72 

85 

78  ■ 

75 

85 

80 

Hip  

75 

85 

80 

75 

85 

80 

75 

90 

82 

75 

90 

82 

Length  of  Capsule,  100. 
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Group  V. 


Character  of  movement. 


Eyes  open  

Eyes  tarn  

Head  tnrns  

Mouth  opens  

Head  and  eyes  turn  (simultaneously) 
Angle  of  month  retracted 

Tongue  protruded  

Elbow  

Fingers  

Shoulder  

Abdomen  

Wrist  

Thumb  

Hip  

Knee  

Hallux  

Small  toes  

Ankle  


Anterior 
limit . 

Point 
of  observed 
maximal 
intensity.  • 

Posterior 
limit. 

JUVCVilgli. 

38 

47 

54 

46 

38 

48 

59 

48 

41 

58 

49 

44 

48 

46 

53 

60 

56 

54 

76 

80 

67 

55 

76 

65 

57 

82 

69 

57 

84 

70 

58 

81 

69 

58 

66 

85 

71 

62 

80 

82 

72 

64 

79 

71 

68 

80 

74 

74 

77 

75 

77 

84 

80 

79 

85 

82 

80 

88 

84 

Length  of  capsule,  100. 


Group  VI. 


Character  of  movement. 


Eyes  open  

Eyes  turn  

Head  turns  

Elbow  

Angle  of  mouth  retracted 
Tongue  protrnded   .    .  . 

Mouth  open  

Shoulder  

Fingers  

Thumb  

Wrist  

Hip  

Ankle  

Knee  

Abdomen  

Small  toes  

Hallux  


Point 

Anterior 

of  observed 

Posterior 

Average. 

limit. 

maximal 
intensity. 

limit. 

40 

64 

52 

42 

60 

51 

47 

61 

66 

56 

48 

75 

61 

51 

78 

64 

55 

55 

55 

63 

59 

57 

69 

63 

59 

77 

68 

60 

72 

66 

62 

72 

67 

69 

77 

73 

71 

72 

82 

79 

76 

82 

79 

77 

83 

80 

78 

82 

80 

78 

82 

80 

_J 

Length  of  capsule, 


100. 
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Group  VII. 


Character  of  movement. 


Eyes  open  

Eyes  turn  

Head  turns  .... 
Head  and  eyes  turn  . 
Tongue  protruded    .  . 

Abdomen  

Angle  of  mouth  retracte  1 

Shoulder   

Wrist  

Elbow  

Thumb  

Hip  

Fingers  

Hallux  

Ankle  

Knee  

Small  toes  


Anterior 
limit. 


5 
5 
22 
29 
35 
41 
45 
45 
48 
51 
55 
56 
57 
61 
64 
66 
66 


Point 
of  observed 
maximal 
intensity. 


52 
55 


Posterior 
limit. 


51 
51 
45 
35 
52 
58 
65 
65 
62 
65 
61 
65 
62 
72 


A  verage. 


28 
28 
33 
32 
43 
49 
55 
55 
55 
58 
58 
60 
59 
66 
64 
66 
69 


Length  of  capsule,  100. 


Group  VIII. 


Character  of  movement. 


Eyes  turn  

Eyes  open  

Angle  of  mouth  retracted 

Elbow  

Shoulder   

Head  turns  .... 

Fingers  

Wrist  

Small  toes  

Ankle  

Abdomen  

Hallux  

Thumb  


Anterior 
limit. 


8 
16 
16 
16 
20 
33 
37 
41 
49 
49 
50 
53 
48 


Point 
of  observed 
maximal 
intensity. 


28 
41 
58 
41 


Posterior 
limit. 


41 
41 

50 
62 
66 
66 
62 
62 
66 
75 

66 
66 


Average. 


24 
28 
33 
39 
43 
48 
49 
51 
57 
62 
50 
59 
62 


Length  of  capsule,  100. 
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The  Configuration  of  the  Basal  Ganglia. 

It  is  now  necessary  to  consider  in  detail  the  shapes  and  relative  positions  of  the 
three  chief  divisions  of  basal  grey  matter,  to  the  fibres  of  the  internal  capsule. 

We  think  we  may  best  accomplish  this  by  describing  in  succession  from  above  down 
the  sections  typical  of  each  group  of  experiments  (see  p.  65).  The  position  of  the 
genu,  which,  as  will  be  seen  in  fig.  1,  gradually  moves  backwards  and  inwards,  as  we 
pass  down  the  capsule  to  near  the  base,  i.e.,  until  the  posterior  limb,  as  seen  in  these 
sections,  changes  from  an  oblique  antero-posterior  direction  to  an  almost  transverse 
position.  This  is  strikingly  exhibited  in  Table  II.,  calculated  from  the  observed 
dimensions  of  the  capsule  in  each  experiment. 


Table  II. 


Group. 

Average  total  length 
of  capsule. 

Length  of  Anterior 
Limb. 

Length  of  Posterior 
Limb. 

m.m. 

m.m. 

m.m. 

I. 

18-2 

7 

11-2 

II. 

17 

6 

11 

III. 

18 

7 

11 

IV. 

20 

9 

11 

V. 

21 

10 

11 

VI. 

20 

9 

11 

VII. 

17 

2 

15 

VIII. 

12 

0 

L2 

The  genu  is  of  course  the  point  of  junction  of  the  two  limbs,  and  it  will  be  seen  at 
once  that  while  the  length  of  the  posterior  limb  remains  remarkably  constant  until 
its  axis  finally  changes  direction,  the  anterior  limb  on  the  other  hand  increases  in 
size  from  above  down,  lying  in  the  notch  between  the  caudate  and  lenticular  nuclei 
(see  figs.  1,  2,  and  5),  until  the  section  approaching  the  grey  matter  of  the  base  of  the 
brain,  it  rapidly  disappears  (as  in  Group  VIII.),  see  fig.  1. 

It  will  be  convenient  next  to  consider  two  angles ;  firstly  that  which  the  anterior 
limb  make.g  with  the  posterior  limb  in  forming  the  genu,  and  secondly  the  angle  of 
inclination  of  the  long  axis  of  the  posterior  limb  to  the  middle  line.  By  subtraction 
of  these  two  from  180°  we  naturally  obtain  at  once  the  inclination  of  the  anterior 
limb  to  the  mesial  plane. 

Since  the  angle  of  the  genu  is  correlated  with  that  of  the  inclination  of  the 
anterior  limb,  we  set  both  out  iu  the  following  Table  III.  (The  angles  we  measured 
with  a  goniometer  on  photographs  of  the  specimens  made  just  after  each  experiment.) 

Each  of  the  angles  typical  of  the  several  groups  was  found  by  taking  the  average  of 
all  the  angles  of  the  capsules  contained  in  each  group. 
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Table  III. 


Group. 

A  Yi  cr  1  n  r\+  rt£nrfry 
■  \  ■  i  Lf  1  '■    UI  goIlU. 

Angle  of  inclination  of 
axis  of  posterior  limb 
to  mesial  line. 

Angle  of  inclination  of 
axis  of  anterior  limb 
to  mesial  lino. 

i. 

O 

1345 

15-8 

29-7 

ii. 

1233 

20-3 

36-4 

in. 

118-9 

30-8 

30-3 

IV. 

1051 

36-2 

38-7 

V. 

97-1 

•  44-8 

38-1 

VI. 

87-9 

55 

37-1 

VII. 

Not  ascertainable 

40* 

VIII. 

No  genu 

57-5 

From  this  Table  it  is  clear  how,  while  the  posterior  limb  is  constantly  altering  its 
inclination  to  the  mesial  plane,  the  anterior  limb  moves  comparatively  slightly  from 
the  same  plane  in  the  middle  three-fifths  of  the  depth  of  the  capsule.  In  other  words, 
the  caudate  wall  of  the  groove  separating  the  anterior  ends  of  the  striate  nuclei  is 
practically  vertical,  though  slanting  outwards  rapidly  above,  more  slowly  below,  as  is 
seen  to  be  the  case,  when  a  frontal  section  is  made  of  the  anterior  limb.    (See  fig.  2.) 

It  is  necessary  now  to  give  what  we  have  regarded  as  the  defining  points  of 
difference  between  the  several  groups  of  capsules  experimented  on.    (See  fig.  1.) 

Group  I.  (the  highest). — Genu  forms  a  widely  open  angle  (134,5°)  so  that  the 
capsule  is  almost  a  segment  of  a  circle.  Of  the  lenticular  nucleus  only  the  outer 
zone  or  putamen  appears,  and  it  has  a  bi-convex  outline.  (See  typical  photograph, 
Plate  10,  Experiment  35  of  our  series,  and  fig.  1.) 

Group  II. — The  genu  is  distinct  and  less  obtuse,  being  123'3°.  The  second  zone  of 
the  lenticular  nucleus  has  not  yet  appeared,  though  the  caudate  reaches  backward  to  a 
point  a  little  posterior  to  the  genu  (the  anterior  part  of  the  surcingle).  (See  typical 
photograph,  Experiment  67.) 

The  outline  of  the  lenticular  is  now  becoming  triangular. 

Group  III. — The  angle  of  the  genu  is  becoming  still  smaller,  averaging  118"9°. 
The  second  zone  of  the  lenticular  nucleus  is  not  yet  visible  though  nearly  exposed. 
The  caudate  nucleus  reaches  posteriorly  to  the  genu.  The  lenticular  nucleus  is 
becoming  more  triangular.  In  the  large  majority  of  sections  the  pulvinar  is  evidently 
free  in  the  ventricle.    (See  typical  photograph,  Experiment  42.) 

Group  IV. — This  group  is  easily  marked,  since  in  it  we  have  with  the  main 
features  given  under  Group  III.,  the  first  appearance  of  the  second  or  middle  zone  of 
the  lenticular  nucleus.    (See  typical  photograph,  Experiment  31.) 

Group  V. — The  second  zone  is  more  marked,  the  white  interzonal  or  lamellar  fibres 


*  Probably  this  figuro  is  unexpectedly  low,  owing  to  (1)  the  croscentic  shapo  of  the  capsule,  (2)  the 
number  of  observations  being  few,  viz.,  two. 
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separating  this  zone  from  the  putamen  are  in  this  section  extended  backwards  almost 
to  the  end  of  the  lenticular  nucleus.  The  angle  of  the  genu  is  nearly  a  right 
angle,  and  the  limbs  of  the  capsule  are  approximately  equal  in  length.  (See  typical 
photograph.  Experiment  69.) 

Group  VI.  This  group  is  the  same  as  Group  V.,  from  which,  as  the  individual 

capsules  show,  it  can  only  be  separated  by  the  smaller  angle  of  the  genu  and  by 
the  axis  of  the  posterior  limb,  becoming  more  transverse  to  the  longitudinal  axis  of 
the  hemisphere.    (See  typical  photograph,  Experiment  50.) 

Group  VII.  This  group  is  very  definite  since  it  shows  sections  of  all  three  zones 

of  the  lenticular  nucleus,  and  since  the  level  is  below  the  capsular  groove  between  the 
two  nuclei  in  the  corpus  striatum,  it  passes  through  the  basal  grey  matter  of  the 
floor  of  the  lateral  ventricle.  The  anterior  commissure  appears  near  the  middle  line  ; 
the  part  seen  corresponds  to  the  highest  point  of  the  arch  it  forms.  Since  this 
section  is  cut  along  the  line  of  the  Fissure  of  Sylvius,  it  necessarily  is  wholly  below 
the  frontal  lobes.  As  will  be  seen,  there  is  a  slight  anterior  limb  in  this  section, 
see  fig.  1.    (See  typical  photograph,  Plate  U,  Experiment  81.) 

Group  VIII. — This  section  just  above  the  crus  closely  resembles  Group  VIL,  save 
that  the  anterior  limb  is  no  longer  represented,  and  the  two  innermost  zones  of 
the  lenticular  nucleus  cannot  now  be  separated.  (See  typical  photograph,  Experi- 
ment 79.) 

Notes  on  Groups  VII.  and  VIII. — In  these  groups  the  basal  ganglia  and  capsule, 
as  divided  by  these  sections,  present  a  very  constant  figure ;  thus  the  posterior 
limb  of  the  internal  capsule  makes  an  angle  with  the  middle  line  of  about  60°,  its 
posterior  border  being  formed  by  the  optic  thalamus,  while  anteriorly  there  are 
ranged  along  its  front  the  respective  ends  of  the  three  grey  zones  of  the  lenticular 
nucleus.  If  the  section  pass  just  above  the  Fissure  of  Sylvius  the  three  zones  will 
be  seen,  if  lower,  the  two  innermost  zones  are  found  to  be  confused  into  one  grey 
mass  and  cannot  be  separated. 

In  the  highest  sections  (i.e.,  those  in  which  the  three  zones  are  distinct)  of  these 
groups,  there  are  the  remains  of  the  anterior  limb  of  the  capsule  lying  to  the 
inner  side  of  the  innermost  zone  of  the  lenticular  nucleus.  This  remnant  of  the 
anterior  limb  is  (in  the  highest  sections),  about  3  mm.  long  in  the  antero-posterior 
direction.  This  bundle  of  white  fibres  is  not  in  immediate  contact  with  the 
anterior  commissure,  but  is  separated  from  it  by  some  of  the  grey  matter  of  the 
lenticular  nucleus.  This  delimitation  of  what  we  consequently  call  the  anterior  limb 
can  be  easily  seen,  and  it  is  from  this  point  that  in  this  group  of  sections  we  have 
commenced  the  measurement  of  the  capsule,  continuing  the  same  as  before  along  its 
outer  margin,  i.e.,  contiguous  to  the  lenticular  nucleus,  as  far  as  the  hinder  end  of 
the  outer  zone  of  that  nucleus  (see  fig.  1). 

The  remnant  of  the  anterior  limb  above  described  is  bounded  on  its  inner  aspect, 
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i.e.,  along  the  middle  line  of  the  cerebrum  by  a  narrow  (1-2  mm.  wide)  strip  of 
inexcitable  tissue.    (?  Septum  lucidum  and  anterior  perforated  spot,  grey  matter.) 

Summon/  cud  Application  of  the  Anatomical  Facts. 

It  remains  to  connect  these  anatomical  data  with  the  facts  observed  upon 
excitation. 

In  the  first  place  discrimination  must  be  made  between  the  effects  of  exciting 
fibres  in  their  continuity  and  on  their  transverse  section  respectively,  since  it  is 
plain  that  the  identity  of  result  might  otherwise  lead  to  an  undesirably  extended 
view  of  the  limits  of  the  efferent  tract. 

Reference  to  fig.  1  and  to  Table  I.  shows  that  some  of  the  efferent  excitable  fibres 
which  partly  compose  the  anterior  limb  in  Group  I.  are  rapidly  concentrated  in  the 
postei'ior  limb  as  we  descend  to  Group  III.  These  fibres  are  those  for  the  move- 
ments of  opening  the  mouth  and  protrusion  of  the  tongue,  as  is  shown  by  a  glance 
at  fig.  1,  C  and  F. 

At  Group  IV.,  fig.  1,  it  is  evident  that  a  further  change  now  occurs  Apparently 
owing  to  the  appearance  of  the  second  or  middle  zone  of  the  lenticular  nucleus,  that 
part  of  the  anterior  limb  which  is  opposite  this  second  zone  is  found  to  be  excitable, 
whereas  the  rest,  which  really  exactly  corresponds  with  the  whole  anterior  limb  of 
Group  III.,  is  inexcitable  as  in  that  Group. 

It  is  to  be  observed  (fig.  1)  that  this,  excitability  of  the  posterior  part  of  the 
anterior  limb  again  diminishes  until  we  arrive  at  Group  VII.,  where,  upon  the  further 
appearance  of  the  third  or  innermost  zone,  the  hinder  end  of  this  limb  is  seen  to  be 
excitable. 

To  speak  next  of  the  inexcitable  fibres  of  the  anterior  limb,  we  have  in  the  fore- 
going pages  referred  to  the  views  of  those  who  have  treated  the  subject,  and  we  only 
would  express  our  belief  that  these  fibres  of  the  anterior  limb  are  for  the  most  part 
horizontal,  and  that  they  pass  backwards  through  the  genu  to  the  thalamic  region. 

A  point  of  equal  interest  is  the  arrangement  of  excitable  and  inexcitable  fibres  in 
the  posterior  limb  of  the  capsule. 

In  Groups  I.  and  II.,  fig.  1,  the  posterior  limb  is  excitable  in  its  whole  length, 
but,  in  Group  III.,  the  hindermost  part  (i.e.,  for  the  last  too^s)  lB  inexcitable.  This 
inexcitable  portion  steadily  increases  as  we  pass  downwai'ds  (see  fig.  1),  so  that  in 
Groups  VI,  VII.,  and  VIII.,  the  excitable  part  terminates  posteriorly  at  the  hinder 
limit  of  the  middle  zone. 

The  classical  dictum,*  that  the  sensory  fibres  are  contained  in  the  posterior  third 
of  the  hinder  limb  of  the  capsule  only  holds  good  for  the  lowest  levels.  The  gradual 
character  of  the  development  of  this  inexcitable  (afferent)  part  of  the  capsule  is 
interesting  by  way  of  contrast  with  the  variable  arrangement  of  the  excitable  fibres 
in  the  anterior  limb  just  discussed. 

*  Cakvillb  and  Buret,  Charcot,  he.  cit.  * 
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Genu. — Hitherto  we  have  only  indirectly  spoken  of  the  genu  and  its  relation  to  the 
surrounding  parts,  To  determine  its  position  exactly  at  the  different  levels  of  the 
capsule,  we  first,  by  means  of  successive  horizontal  sections  parallel  to  the  longest 
antero-posterior  diameter  of  the  hemisphere,  exposed  the  level  of  our  Group  L  We 
then  inserted  (vertically)  a  long  needle  at  right  angles  to  the  plane  of  the  section  just 
at  the  genu  immediately  in  front  of  the  most  anterior  extremity  of  the  optic 
thalamus.  Each  successive  horizontal  (parallel)  section  of  the  hemisphere  contained, 
consequently,  the  position  of  the  genu  as  in  the  highest  section  (the  upper  level, 
Group  I.). 

From  these  data  we  found  that  the  position  of  the  genu  in  its  antero-posterior 
relations  varied  extraordinarily  little,  but  that  the  position  of  the  entering  angle  of 
the  inner  border  was  gradually  transferred  to  that  of  the  outer  border,  and,  finally, 
in  the  last  three  groups,  the  puncture  revealed  the  fact  that  the  position  of  the  genu, 
as  seen  in  the  highest  section  and  now  projected  upon  the  lowest,  had  moved  about 
2  mm.  in  front  of,  and  outside  the  angle  of  the  outer  border  of  the  capsule,  or  4  mm. 
from  its  original  site.  In  other  words,  the  genu  had  moved  backwards  and  inwards, 
and  this  change  of  position  was  more  rapidly  developed  in  the  lower  than  the  upper 
sections. 

Of  course,  the  inward  and  backward  direction  of  the  efferent  tracts  is  also  seen 
(especially  the  former)  in  frontal  sections  of  the  capsule. 

Laminae  Medullares. — The  white  fibres,  which  in  horizontal  sections  of  the  hemi- 
sphere, appear  as  larnelke  to  separate  the  zones  of  the  lenticular  nucleus,  but  which, 
in  vertical  frontal  sections,  appear  to  run  into  and  connect  the  zones,  we  have 
repeatedly  excited  without  any  result.  We,  therefore,  are  led  to  conclude  that 
these  fibres,  whatever  be  their  function,  do  not  belong  to  the  great  excitable  cortico- 
efferent  system. 

Obersteiner*  gives  a  schematic  diagram,  in  which  he  figures  fibres  passing  down 
from  the  cortex  through  the  laminae  medullares  to  end  in  the  subthalamic  region. 

WERNiCKEt  suggests  that  these  interzonular,  or  lamellary  fibres,  are  in  part 
derived  from  the  nucleus  caudatus,  and  are  passing  down  to  the  crus. 

MeynertJ  believes  that  such  fibres  are  derived  from  the  cortex  rather  than  from 
the  nucleus  caudatus. 

Method  op  Investigation  in  the  Present  Research. 

Animal   Employed. — The  Bonnet  Monkey  (Macacus  sinicus),  i.e.,  the  smaller 
variety  of  that  species  of  Monkey,  was  the  animal  which  we  have  invariably  used. 
In  all  we  have  performed  45  experiments^  and  in  every  case  the  animal  was  com- 

*  Lnc.  cit.,  p.  334 
t  Lnc.  cit. 
I  Lon.  cil. 
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pletely  under  the  influence  of  ether,  and  was  killed  before  it  recovered  from  the 
anaesthetic. 

With  few  exceptions  the  left  hemisphere  was  the  one  used  for  the  examination, 
and,  as  a  rule,  the  cortex  had  just  before  been  minutely  explored.  It  was  found  most 
convenient  to  remove  the  vault  of  the  cranium  for  about  1  cm.  to  the  other  side  of 
the  middle  line,  and  laterally  as  low  as  the  zygoma  in  front,  and  behind  to  a  corre- 
sponding level. 

The  dura  mater  was  reflected  over  the  area  thus  exposed,  care  being  taken  not  to 
injure  the  longitudinal  sinus  ;  the  hemisphere  was  then  drawn  towards  the  middle 
line  so  as  to  allow  of  the  middle  cerebral  artery  being  ligatured  soon  after  its  origin, 
this  was  easily  done  by  passing  a  fine  thread  beneath  the  vessel  through  the  con- 
tiguous portions  of  the  orbital  and  temporo-sphenoidal  lobes. 

A  horizontal  incision  was  then  made  with  a  long  sharp  scalpel  through  the  substance 
of  the  hemisphere,  from  the  outer  surface  towards  the  middle  line,  but  stopping  short 
1  or  2  mm.  of  the  mesial  plane.  In  this  way  section  of  all  arteries,  save  the  branches 
of  the  ligatured  middle  cerebral  was  avoided,  and,  hence,  hemorrhage  was  in  a  great 
measure  pi-evented.  The  only  vessel  which  gave  much  trouble  was  the  lenticulo- 
striate  artery  running  vertically  through  the  outer  zone  of  the  lenticular  nucleus.  In 
the  first  two  experiments,  we  sought  to  arrest  this  haemorrhage  by  a  fine  point  of  an 
actual  cautery,  but  we  found,  to  our  surprise,  that  although  the  area  touched  was 
extremely  small,  yet  the  cut  ends  of  the  fibres  of  the  adjacent  internal  capsule  were 
so  damaged  (by  the  radiant  heat  of  the  cautery)  as  to  be  inexcitable ;  moreover,  we 
speedily  found  that  all  haemorrhage  could  be  easily  arrested  by  placing  on  the  bleeding 
point  a  small  cube  of  amadou. 

When  the  haemorrhage  had  thus  been  controlled  the  upper  portion  of  the  hemisphere 
which,  as  described  above,  had  not  been  completely  separated,  but  merely  raised  like 
the  lid  of  a  box,  was  replaced,  and  preparations  were  made  for  recording  the  results 
of  the  stimulation. 

The  plan  of  recording  which  appeared  to  us  likely  to  afford  the  most  accurate 
results,  and,  at  the  same  time,  not  to  involve  so  much  delay  in  exposing  the  capsule 
as  to  cause  the  death  of  the  fibres,  was  as  follows  : — 

Upon  paper,  on  which  fine  lines  were  engraved  by  an  engine  with  mathematical 
accuracy  so  as  to  cover  the  surface  with  squares  of  1  mm.  side,  we  drew  by  means 
of  compasses  the  exact  outline  of  the  basal  ganglia  as  exposed  by  the  section. 

In  this  way  we  obtained  at  once  the  cut  surface  of  the  internal  capsule  correctly 
projected  on  paper,  divided  into  squares  of  1  mm.  ;  these  squares  we  then  numbered 
from  the  front  of  the  anterior  limb  of  the  capsule  to  the  posterior  end  of  the  lenticular 
nucleus.  Finally,  we  stimulated  each  of  these  bundles  of  fibres  thus  obtained  of 
1  square  mm.  area,  and  recorded  the  effect  produced. 

Mode  of  Stimulation. — The  electrodes  used  were  two  fine  platinum  points,  1  mm. 
apart,  so  that  the  excitation  should  be  exactly  limited  to  each  square  excited.  The 
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exciting  current  was  an  interrupted  induced  current  obtained  from  the  secondary  coil 
of  a  Du  Bois  Beymond  inductorium,  supplied  by  a  J  litre  bichromate  cell.  The 
distance  of  the  secondary  coil  from  the  zero  point  of  completely  covering  the  primary 
was  such  as  to  give  a  minimal  stimulus,  and  this  was  usually  about  10  cm. 

After  the  experiment  was  completed  the  animal  was  killed  by  excess  of  chloro- 
form, the  hemisphere  removed,  washed  in  salt  solution  and  the  surface  photographed. 

Upon  the  photograph  thus  obtained,  the  numbers  representing  the  different  bundles 
of  fibres  (1  mm.  square)  were  transferred  by  compasses  from  the  plan  originally  drawn 
on  the  ruled  paper. 

Mode  of  Enumeration  and  Recording  Results. — We  have  just  said  that  we 
numbered  the  millimetre  squares  of  the  internal  capsule  in  order  from  before  back  ;  we 
adopted  this  plan  for  the  reason  that  as  the  anterior  limit  of  the  excitable  portion  of 
the  capsule  varies  in  position,  i.e.,  retreats  as  the  section  descends  (cf.  fig.  1.),  it  was 
necessary  to  express  the  position  of  the  fibres  having  the  same  function  by  some 
means  which  should  bear  an  absolute  value  in  relation  to  the  rest  of  the  capsule.  By 
this  means  we  have  been  enabled  to  trace  the  bundles  having  the  same  function 
through  their  various  changes  of  direction  as  they  pass  down  through  the  different 
sections  of  the  capsule  to  reach  the  crus. 

Inasmuch  as  the  capsule  is  divided  into  millimetre  squares  by  the  above  method, 
each  figure  denoting  any  bundle  of  fibres  represents  at  the  same  time  the  distance  of 
that  bundle  from  the  front  end  of  the  anterior  limb. 

In  plotting  out  the  plan  of  the  capsule  during  an  experiment  we  arranged  it  so  that 
the  more  important  posterior  limb  should  be  drawn  parallel  to  one  direction  of  the 
rows  of  squares  on  the  ruled,  paper  ;  consequently,  as  the  anterior  limb  forms  an 
obtuse  angle  with  the  posterior  limb,  the  squares  dividing  it  were  necessarily 
echelonned.  This,  however,  afforded  no  real  difficulty,  and  the  more  so  since  in  the 
most  important  sections  very  little  of  the  anterior  limb  is  excitable.  We,  therefore, 
expressed  each  square  or  bundle  of  fibres  by  a  fraction,  the  numerator  of  which 
denoted  the  distance  that  it  was  situated  from  the  anterior  end  of  the  capsule,  while 
the  denominator  gave  the  total  length  of  the  capsule  in  that  particular  section ;  in 
this  wise  one  fraction,  or,  in  other  words,  the  position  of  one  bundle  of  fibres  in  one 
section,  is  strictly  comparable  with  that  in  another  section. 

In  order  to  bring  all  the  fractions  thus  obtained  together,  and  to  find  the  average 
position  of  the  representation  of  any  given  movement  in  each  group,  we  converted  all 
the  fractions  into  decimals  to  two  places.  We  took  two  places  as  adequately  accurate, 
since  any  error  beyond  would  only  amount  to  TFSotk  of  the  length  of  the  capsule,  and 
as  this  actually  amounts,  on  the  average,  to  not  more  than  '02  mm.,  it  is  a  length 
which  is  far  too  small  to  be  considered  among  the  errors  of  the  experimental  method. 

The  decimals  thus  obtained,  denoting  the  squares  indicating  the  localisation  of 
each  movement  elicited,  were  next  added  together  in  the  several  groups,  and  the 
average  taken. 
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Since  these  decimals  were  taken  to  two  places,  each  capsule  in  every  group  becomes 
divided  into  a  hundred  parts,  and  if  we  drop  the  decimal  point,  we  may  regard  the  figure 
as  a  whole  number,  taking  the  whole  capsule  to  be  100.  For  example,  the  movement 
of  "protrusion  of  the  tongue  "  was  observed  in  Group  II.  to  occur  in  two  experiments, 
the  length  of  the  capsule  being  respectively  in  each  case  12  mm.  and  17  mm.,  the  average 
therefore  being  14  mm.  The  movement  was  observed  to  follow  excitation  of  the  first 
millimetre  in  each  case,  and  to  end  at  the  third  millimetre  in  the  one  case  and  at 
the  fourth  in  the  other.  Consequently  the  movement  began  at  -j^-th  and  yyth  of  the 
actual  length  of  the  respective  capsules,  and  was  last  obtained  at  -^ths  and  yyths. 

On  converting  these  fractions  into  decimals  they  become  respectively  *08  and  *06 
for  the  anterior  limit  and  "25  and  "23  for  the  posterior  limit,  and  on  taking  the 
averages  of  these  we  obtain  '07  and  '24. 

Now  that  we  have  the  situations  of  the  fibres  expressed  in  terms  of  the  average 
length  of  the  capsules  of  each  group,  we  need  not  keep  the  decimal  point  if  we  regard 
the  capsule  as  divided  into  a  hundred  parts,  and  then  take  the  figure  as  a  whole 
number,  so  that  in  Table  I.  the  limits  of  the  representation  of  the  protrusion  of  the 
tongue  become  7  and  24,  i.e.,  y-g-g-  and  -fifa. 

This  mode  of  treating  the  figures  has  this  great  advantage,  that  whatever  the 
length  of  the  different  capsules  may  be  in  any  group,  we  can  compare  the  function  of 
the  fibres  in  similar  parts. 

At  the  same  time  this  mode  of  extending  the  differentiation  of  the  capsule  has  this 
disadvantage,  viz.,  that,  although  taken  absolutely,  as  is  represented  by  the  fraction 
Yj,  we  obtained  the  movement  from  the  most  anterior  millimetre  of  the  capsule, 
yet  in  converting  j-^  into  a  decimal  to  two  places,  we  necessarily  obtain  =  '07, 
and  then,  in  regarding  the  capsule  for  purposes  of  relative  comparison  as  divided  into 
100  parts  (dropping  the  decimal  point),  we  thus  obtain  the  figure  7,  meaning  the  first 
seven-hundredths,  as  representing  the  first  portion  at  which  the  movement  occurred. 

In  fact,  in  attempting  to  analyse  and  to  compare  the  results  of  each  experiment, 
i.e.,  the  fractions,  we  found  it  impossible  to  employ  the  method  of  a  common  denomi- 
nator, and  therefore  selected,  at  Mr.  Gotch's  suggestion,  the  two  places  of  decimals. 
We  were  obliged  to  take  two  places  of  decimals,  since,  as  a  glance  at  Table  I,* 
shows,  one  place  of  decimals  would  not  have  given  the  differentiation  we  have  dis- 
covered to  exist,  though  at  the  same  time  it  was  clear  to  us  that  two  places  would  so 
extend  our  subdivisions  of  the  capsule  as  to  make  it  difficult  to  convey  the  absolute 
expression  of  the  amount  (i.e.,  extent)  of  representation. 

These  averages  are  set  out  in  the  last  column  in  Table  I.,  in  which  the  movements 
are  also  arranged  in  their  order  from  before  back. 

In  Table  I.  the  first  column  gives  the  names  of  the  movements  observed,  and,  as 
just  stated,  in  the  order  in  which  they  occur  from  before  back.  The  first  column  of 
figures  denotes  the  distance  from  the  anterior  extremity  of  the  capsule  of  the  first 

*  See  p.  00. 
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bundle  of  fibres,  excitation  of  which  produced  the  movement.  The  third  column 
gives  the  most  posterior  point  or  bundle  of  fibres  at  which  the  movement  of  a  part 
could  be  elicited,  so  that  the  distance  between  the  figures  in  these  two  columns  gives 
the  total  or  absolute  extent  of  the  fibres  from  which  that  movement  of  a  part  could 
be  obtained. 

The  intermediate  or  second  column  gives,  in  those  cases  where  it  was  most  marked, 
the  point  of  maximal  representation,  i.e.,  of  greatest  intensity. 

Further,  it  is  seen  at  once  that  the  distribution  of  the  fibres  for  any  one  part  is  not 
allocated  to  one  small  point  in  the  capsule,  but  spread  over  it  for  a  certain  distance, 
so  that  the  overlapping  seen  on  the  cortex  occurs  here,  though  to  a  larger  extent. 

To  further  elucdiate  the  arrangement  of  the  fibres  and  to  facilitate  future  reference, 
we  have  constructed  a  series  of  diagrams  (fig.  1,  A-R.)  on  exactly  the  same  scale 
as  fig.  1  (i.e.,  twice  the  natural  size),  on  which  we  have  marked  the  extent  of  repre- 
sentation in  the  different  groups  of  sections  of  each  segment  observed.  In  each  figure 
the  shaded  part  represents  the  fibres,  excitation  of  which  produces  movement  of  the 
given  segment.  The  limits  of  these  fibres  were  obtained  from  the  numbers  of  Table  I. 
As  we  have  already  drawn  attention  in  describing  fig.  1,  we  would  remark  on  the 
extraordinary  diminution  of  the  fibres  before  the  successive  appearance  of  the  zones 
of  the  lenticular  nucleus,  and  the  equally  striking  increase  of  the  fibres  when  these 
zones  become  visible,  e.g.,  Groups  IV.  and  VII. 

Good  examples  of  this  are  to  be  seen  in  the  diagrams  for  the  turning  of  the  eyes, 
the  small  toes  and  hallux  (fig.  1,  B,  Q,  R). 

Physiological  Relations  of  the  Basal  Ganglta  to  the  Internal  Capsule. 

Although  the  venti-icular  surface  of  the  caudate  nucleus  has  been  asserted  to  be 
excitable  by  Carville  and  Duret,*  Ferrier^  and  Minor,J  we  have  failed  to  obtain 
the  slightest  movement  by  exciting  the  sectional  surfaces  of  either  of  the  basal 
ganglia.  We  do  not  advance  these  observations  as  of  special  value,  considering  that 
we  removed  the  ventricular  surface,  but  the  contrast  between  the  absence  of  any 
result  when  the  ganglia  were  excited  and  the  marked  spasm  which  immediately 
followed  the  application  of  the  electrodes  to  the  capsule  is  in  harmony  with  the 
observations  of  Franck  and  Pitres,§  and  with  whose  general  deductions  on  this  point 
we  fully  agree. 

To  finally  elucidate  this  important  point,  we  have  also  excited  the  intra  ventricular 
surfaces  of  the  basal  ganglia,  but  without  any  positive  result. 

Consequently  on  review  of  the  experimental  evidence,  it  seems  to  us  most  likely 
that  the  basal  ganglia  are  really  inexcitable. 

*  Loc.  cit. 

t  Ferriek,  loc.  cit.,  p.  204 

|  '  Ncurologischcs  Contrulblatt,'  Juno,  ISS'.l 

§  Luc.  cit. 
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Analysis  of  Eesults. 

On  pp.  60-63  we  give,  in  Table  I.,  the  order  of  arrangement  of  the  representation  of 
different  parts  of  the  -  body.  We  cannot  well  separate  the  consideration  of  this 
arrangement  from  that  of  the  order  in  which  the  different  characters  of  the  move- 
ments are  placed,  hence  we  will  reserve  to  p.  79  the  discussion  of  the  facts  set  out  in 
Table  I. 

We  will,  however,  proceed  to  discuss  certain  points  of  general  interest  upon  which 
a  clear  opinion  must  be  formed  before  the  main  results  of  this  research  can  be  given 
at  length.  Of  such  points  we  take  first,  as  the  most  important,  the  phenomenon  of 
bilateral  movement. 

Movements  of  Muscles  of  the  same  side  as  that  stimulated. 

The  phenomenon  of  bilateral  movement  occurring  upon  excitation  of  one  hemisphere 
has  often  been  approached  from  its  theoretical,  experimental,  and  clinical  aspects. 
It  has  been  assumed  by  Broadbent*  that  this  is  effected  by  the  impulses  passing 
from  the  sound  hemisphere  across  commissural  fibres  postulated  to  exist  between  the 
lower  {i.e.,  bulbo-spinal)  centres  of  the  two  sides,  and  he  explained  the  common  mode 
of  recovery  from  hsemorrhagic  compression  and  destruction  of  the  internal  capsule  by 
this  theory.  This  theory  has  been  favourably  received  by  neurologists  as  an  expla- 
nation of  the  phenomenon  of  bilateral  movement,  but  we  submit  that  the  subject  can 
only  profitably  be  treated  upon  experimental  facts  as  a  basis. 

Before  any  satisfactory  conclusions  can  be  arrived  at,  we  must  obviously  first  deter- 
mine exactly  how  much  bilateral  representation  of  movement  exists  in  the  cortex  of 
a  normal  uninjured  nervous  system,  and,  in  this  case,  of  the  Bonnet  Monkey.  Further 
we  must  understand  clearly  what  we  mean  by  bilateral  representation. 

Beginning  with  this  last,  we  mean  that  the  same  movement  of  symmetrical  parts 
of  both  sides  of  the  body  is  represented  in  one  point  of  the  cortex  of  both  hemi- 
spheres, i.e.,  that  excitation  of  such  a  point  evokes  simultaneous  and  identical  move- 
ment in  the  same  part  of  both  sides  of  the  body. 

In  attempting  to  classify  "bilateral  movements"  it  is  necessary  to  point  out  first 
that  movements  such  as  conjugate  deviation  of  the  eyes  are  not,  strictly  speaking, 
examples  of  bilateral  representation.  For  while  it  is  true  both  eyeballs  move,  never- 
theless one  is  rotated  out,  the  other  rotated  in,  and  since  this  conjugate  deviation 
occurs  as  the  result  of  a  single  idea,  the  movement  of  both  eyeballs  really  corresponds 
to  that  of  one  limb,  and  this  is  more  especially  the  case  since,  as  just  said,  the 
muscles  employed  on  each  side  are  different.  A  final  confirmation  of  this  view  lies 
in  the  fact  that  excitation  of  one  hemisphere  produces  conjugate  deviation  in  one 
direction  only,  while  excitation  of  the  other  evokes  an  exactly  opposite  movement. 

*  '  British  Medical  Journal,'  vol.  1,  1876,  pp.  333,  371,  401. 
MDCCCXC. — B.  U 
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To  this  point  we  shall  subsequently  return.  We  may  now  mention  the  movements 
which  are  credited  with  being  bilaterally  represented,  and  we  shall  arrange  them  in 
classes,  the  justification  for  which  will  subsequently  appear. 


Credited  as  Bilateral. 

Movements  of   Trunk  Muscles  (i.e.,^ 

Eectus,  abdominis,  &c.) 
Movements  of  Tongue 
Conjugate  deviation  of  Eyes 
Turning  of  Head 
Retraction  of  Angle  of  Mouth 
Pursing  of  Lips 

Opening  of  Eyelids  "[Identical  move- 
Closing  of  Eyelids    I  ment 

Pouting  of  Lips 
Mastication 

Swallowing  (i.e.,  movements  of  soft 

palate) 
Adduction  of  vocal  cords 


Class  I.  Not  bilateral,  vid.  inf. 


Y    Class  II.  Imperfectly  bilateral. 


Class  III.  Truly  bilateral. 


Class — I.  Movements  asserted  to  be  bilateral,  but  not  actually  so. 

Movements  of  the  Trunk  Muscles. — The  muscles  of  the  trunk  have  above  all  others 
in  the  body  been  commonly  supposed  to  be  bilaterally  associated  in  action.  This  is, 
however,  quite  contrary  to  observed  fact.  We  have  never  seen  any  movement  of 
both  recti  or  oblique  abdominis  follow  excitation  of  the  fibres  for  the  trunk  muscles 
in  the  capsule,  although  we  invariably  saw  movement  restricted  to  the  muscles  of  the 
opposite  side,  notably  the  rectus.  We  have  observed  this  to  be  the  case  clinically, 
and  believe  that  the  statements  made  in  the  opposite  direction  rest  upon  imperfect 
examination.  Further  confirmation  is  to  hand  in  the  description  given  by  Professor 
Schafer*  and  one  of  us,  of  the  results  of  excitation  and  ablation  respectively  of  the 
"  trunk  areas  "  in  the  marginal  gyrus,  from  which  it  appears  that  the  same  unilateral 
representation  was  discovered  to  exist. 

Movements  of  the  Tongue. — As  we  are  specially  investigating  the  cortical  represen- 
tation of  these  movements,  we  desire  to  defer  the  detailed  observation  of  the  capsular 
fibres  subserving  the  same,  until  the  former  is  completed. 

Conjugate  Deviation  of  the  Eyes  and  Turning  of  the  Head. — We  have  already 
mentioned  the  movements  of  the  eyeballs,  and  we  now  intend  to  strengthen  what  is 
said  on  p.  73. 

*  Housi.ky  and  Schafkr,  '  Phil.  Trans.,'  B,  vol.  179,  1888,  pp.  10  and  14. 


FIBRES  OF  THE  INTERNAL  CAPSULE  OF  THE  BONNET  MONKEY. 


75 


We  there  showed  that  the  deviation  of  the  eyes  was  a  combined  movement  of 
opposed  muscles  (internal  rectus  with  external  rectus)  of  both  sides  of  the  body  to 
produce  one  effect,  and  that  the  opposite  hemisphere,  when  excited,  produced  exactly 
the  opposite  effect. 

Further,  considering  that  the  visual  field  is  hemiopic,  and  that  the  two  eyes  always 
have  their  axes  parallel  (when  not  accommodated  for  near  objects),  we  may  look  upon 
the  two  eyes  as  acting  like  one,  and  we  may  also  regard  their  movements  to  be  of  the 
same  kind  as  those  of  the  head. 

Stimulation  of  the  left  cortex  produces  movement  of  the  head  and  also  of  the  eyes 
to  the  right,  and,  conversely,  when  the  right  cortex  is  irritated  these  parts  move  to 
the  left.  Movement  to  the  same  side  is  never  observed,  hence  these  movements  we 
regard  as  distinctly  unilateral. 

Class  II. — Imperfectly  Bilateral  Movements. 

(a.)  Opening  of  Eyelids. — In  'Phil.  Trans.,'  B.,  1888,  p.  241,  we  describe  how  we 
observed  in  one  Monkey  that  there  were  two  millimetre-squares  on  the  cortex,  exci- 
tation of  which  caused  openings  of  the  opposite  eyelids  to  occur  before  those  of  the 
same  side.  In  the  present  research  we  have  obtained  the  same  result  from  the 
internal  capsule  in  one  case  (Monkey  No.  69),  at  points  50-55  (whole  capsule,  100), 
the  movement  being  also  stronger. 

The  extreme  rarity  of  this  phenomenon — occurring,  as  it  does,  only  twice  in  about 
seventy  different  experiments  in  the  same  variety  of  Macacus — makes  it  clear  that  the 
movement  of  opening  the  eyelids  is  practically  bilaterally  represented.  However,  the 
phenomenon  is  not  without  interest  in  discussing  the  evolution  of  function  in  the 
"motor"  cortex. 

(b.)  Closure  of  Eyelids. —  In  contradistinction  to  what  we  find  with  regard  to 
opening  of  one  eye  before  the  other,  we  have  obtained  closure  of  the  opposite  eyelids, 
not  only  taking  place  before  those  of  the  same  side,  but  even  independently  of  the 
eyelids  of  the  same  side. 

We  drew  attention  for  the  first  time  to  this  differentiation  of  cortical  representa- 
tion of  the  eyelids  in  our  second  paper  just  referred  to,  where  we  described  the 
opening  of  one  eye  before  the  other.  Since  writing  that  paper,  we  have  been  engaged 
in  investigating  the  cortical  representation  of  closure  of  the  eyes,  and  we  have  found 
that  there  is  a  nearly  horizontal  zonular  strip  of  the  cortex  just  below  and  slightly 
overlapping  the  lower  border  of  the  upper  limb  area  of  representation,  in  which  the 
single  movement  of  closure  of  the  opposite  eyelids  is  represented. 

In  some  cases  this  is  imperfect,  i.e.,  the  eyelids  of  the  side  stimulated  closed 
as  well  as  those  of  the  opposite  side.  It  is  clear,  therefore,  that  this  movement  is 
only  impei*fectly  bilateral,  a  fact  of  the  greatest  importance,  as  is  evidenced  by  the 
fact  that  we  have  been  able  with  this  observation  to  correctly  diagnose  that  the 
homologous  portion  of  the  cortex  in  man  was  the  seat  of  an  irritative  lesion. 
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Hence  we  were  not  surprised  to  find  that  in  the  internal  capsule  there  were  fibres, 
excitation  of  which  produced  closure  of  the  opposite  eyelids  only. 

(o.)  Pursing  of  the  Lips. — This  is  another  imperfectly  bilateral  movement,  it  being 
most  marked  always  on  the  opposite  side. 

(d.)  Retraction  of  the  Angle  of  the  Mouth.—  Karely  have  we  observed  truly 
bilateral,  i.e.,  symmetrical,  retraction  of  the  angle  of  the  mouth,  this  being  the 
exception  to  the  rule  of  retraction  to  the  opposite  side. 

Class  III. 

(a.)  Pouting  of  the  Lips. — This  eversion  of  the  lips  appears  to  be  truly  a  bilateral 
movement. 

(b.)  Mastication. — So  far  as  we  have  been  able  to  observe,  this  complex  movement 
is  mainly  bilateral,  but  we  are  compelled  to  postpone  its  detailed  consideration  until 
our  analysis  of  its  cortical  representation  is  complete. 

(c.)  Swallowing,  including  movements  of  the  Soft  Palate. — This  in  our  experience 
of  the  capsule  has  always  been  bilateral  on  excitation. 

(d.)  Adduction  of  the  Vocal  Cords  has  been  shown1"  to  be  perfectly  bilaterally 
represented. 

(e.)  Bilateral  Movement  of  both  Elbows. — This  (as  flexion)  we  have  found  to  occur 
four  times  altogether  in  our  experiments,  when  the  internal  capsule  of  one  side  has 
been  excited.  The  occasions,  however,  on  which  this  was  observed  were  so  few,  and 
the  movement  so  slight  and  limited  that  we  cannot  regard  it  to  be  a  proof  of  bilateral 
representation  of  this  segment  of  the  upper  limb  in  one  hemisphere.  Moreover, 
during  a  long  series  of  experiments  upon  the  cortex  this  was  never  observed. 

The  explanation  of  this  phenomenon  we  prefer  to  postpone  until  further 
knowledge  makes  its  discussion  profitable. 

It  occurred  at  point  57,  and  only  in  the  central  t  Groups,  Nos.  IV.,  V.,  VI. 

To  sum  up,  therefore,  we  consider  the  following  movements  to  be  alone  truly 
bilaterally  represented. 

Pouting  of  Lips. 

Mastication. 

Swallowing. 

Adduction  of  the  Vocal  Cords. 

It  will  now  be  expedient  to  describe  the  general  results  obtained  by  the  various 
groups  of  experiments. 


*  Krausk,  in  the  Dog;  Semon  and  Horsley,  in  the  Monkey.  This  is  denied  by  Masini,  and  by 
Garel  and  Doe. 

t  I.e.,  opposite  the  middle  level  of  tho  capsule. 
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Lateral  Arrangement  of  the  Excitable  Fibres  in  the  Internal  Capsule. 

We  now  introduce  a  new  branch  of  this  subject,  namely,  the  relations  in  lateral 
juxtaposition  of  the  efferent  fibres. 

So  far  we  have  described  the  antero-posterior  arrangement  of  these  fibres,  but  we 
have  postponed  the  consideration  of  the  results  obtained  by  exciting  the  capsule 
in  individual  points  of  its  breadth. 

As  the  capsule  varied  in  width  from  1  to  3  mm.,  and  as  the  part  of  the  sections 
involving  the  inner  zones  of  the  lenticular  nucleus  was  also  constituted  of  white  fibres 
in  and  around  those  zones,  we  have  sometimes  found  five  rows  of  excitable  points  (each 
1  mm.  square).  The  result  obtained  from  these  points  we  shall  now  analyse.  Altogether 
we  were  able  to  obtain  two  or  more  rows  of  1  mm.  squares  in  26  experiments. 

Anatomically  speaking,  in  horizontal  transverse  section  we  may  regard  the  fibres  of 
the  internal  capsule  as  falling  into  three  groups,  viz.  : — (a)  those  in  the  mid  line  ; 
(b)  those  next  the  lenticular  nucleus,  and  (c)  those  on  the  inner  side  next  the  optic 
thalamus,  &c. 

Of  the  26  cases  above-mentioned,  in  seven  the  excitability  appeared  to  be  equally 
distributed  throughout  the  breadth  of  the  capsule.  However,  besides  these  seven,  we 
found  that  in  15  the  most  excitable  part  was  that  next  the  lenticular  nucleus, 
this  gradually  decreasing  towards  the  optic  thalamus,  but  in  the  remaining  four  the 
capsule  was  most  excitable  alongside  of  the  thalamus.  Considering  the  anatomical 
arrangement  of  the  cortex  mantle  to  the  position  of  the  basal  ganglia  and  internal 
capsule,  it  is  not  at  all  improbable  that  these  results  may  be  referable  to  the  fibres 
entering  the  capsule  from  above  in  an  oblique  direction,  and  hence  in  a  horizontal 
section,  they  will  offer  for  excitation  not  only  a  transversely  cut  end  alongside  the 
lenticular  nucleus,  but  also  longitudinal  surfaces,  which  are  progressively  less  and  less 
exposed  to  excitation  as  we  move  across  the  capsule  from  the  lenticular  nucleus  to  the 
optic  thalamus. 

If  correct,  this  view  would  postulate  the  theory  that  the  fibres  forming  the  part  of  the 
capsule  nearest  the  middle  line  are  inexcitable.  This,  at  any  rate,  is  evidently  strongly 
suggested  by  the  experiments.  Moreover,  in  a  frontal  microscopic  section  of  the 
region,  the  fibres  which  emerge  from  the  gyrus  fornicatus  on  reaching  the  capsule,  are 
seen  to  occupy  the  most  internal  position  therein,  and  excitation  of  the  gyrus 
fornicatus  has  always  failed  to  elicit  movement. 

To  sum  up  this  question,  it  is  self-evident  that,  the  lateral  arrangement  of  the  fibres 
is  infinitely  less  important  than  that  of  the  antero-posterior  direction,  and  principally 
because  the  function  of  each  point  in  any  given  transverse  row  of  squares  is  the  same 
in  character  though  diminishing  in  intensity,  as  we  pass  from  the  outer  to  the 
inner  side  of  the  capsule. 
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Character  of  the  Movements  of  the  Parts  Represented  in  the  Fibres  of  the 

Internal  Capsule. 

We  have  given  at  pp.  60-63  the  anteroposterior  arrangement  in  the  capsule  of  the 
movements  of  the  different  parts  of  the  body  (see  Table),  we  now  furnish  two  tables 
(see  Tables  IV.  and  V.)  in  the  latter  of  which  again  taking  the  whole  capsule  as  100, 
the  extent  of  representation  of  each  kind  of  movement  of  the  several  parts  of  the 
body  is  given. 

We  wish  first  to  review  the  Table  IV.,  given  on  p.  78,  in  detail,  to  see  how  far  the 
order  of  arrangement  of  representation  of  parts,  i.e.,  independently  of  the  character  of 
the  movement  of  such  parts  in  the  capsule,  agrees  or  disagrees  with  the  arrangement 
which  we  have  shown  to  exist  in  the  cortex. 

The  accompanying  diagram  (fig.  7)  the  details  of  which  we  have  partly  published 
in  the  'Philosophical  Transactions,'  1887-88,  the  remainder  being  in  course  of 
publication,  gives  in  bare  outline  the  relative  positions  of  the  points  of  chiefest 
representation  as  we  have  found  them,  by  minimal  excitation,  to  exist  in  the  cortex 
of  the  Bonnet  Monkey  (Macacus  sinicus). 

With  this  outline  before  us  we  would  suggest  that  the  main  axes  of  the  fibres  of 
the  interna]  capsule  correspond  as  far  as  antero-posterior  arrangement  goes  with  fines 
drawn  at  right  angles  to  the  direction  of  the  upper  two-thirds  of  the  fissure  of 
Rolando.  Tt  also  remains  to  be  seen  whether  there  is  any  relation  between  the 
arrangement  in  the  cortex  in  the  horizontal  antero-posterior  division  and  the  order 
of  fibres  in  the  capsule. 

Table  TV.  contains  the  antero-posterior  arrangement  of  the  average  position  of  the 
representation  in  the  capsule  of  the  various  parts  of  the  body,  set  out  horizontally. 
Although  each  observation  is  placed  vertically  under  each  other,  this  is  not  neces- 
sarily true  of  their  anatomical  position,  as  we  have  already  shown. 

It  substantiates  our  view  that  the  oblique  lines  over  the  "motor"  cortex  described 
above  give  truly  the  order  of  representation  in  the  capsule.  For  while  the  move- 
ments of  opening  the  eyelids  and  of  the  eyes  are  seen  to  occur  in  front  in  both  cortex 
and  capsule,  those  of  the  toes  are  equally  the  most  posterior.  Hence  placed  in  order 
from  before  back  we  have  eye  movements,  head  movements,  upper  limb  movements, 
trunk  and  lower  limb  movements. 

Or  stating  in  further  detail  the  order  of  the  representation  as  given  in  the  fore- 
going table  in  the  average  position  of  each  segment  in  each  part  of  the  body,  the 
following  general  order  of  representation  is  arrived  at,  viz. : — 


80 


DR.  0.  E.  BEEVOR  AND  MR.  V.  HORSLEY  ON  THE  EXCITABLE 


Summary  of  averages  : — 

Eye  movements 
Head  movements 


44 

Eyes  open ' 

f 

42 

Eyes  turn . 

50 

Mouth  opens 

50 

Head  and  eyes  turn 

52 

Head  turns 

53 

Tongue 

60 

Angle  of  mouth 

62 

Shoulder 

64 

Elbow 

66 

Wrist 

66 

Fingers 

70 

Thumb 

70 

Trunk 

76 

Hip 

77 

Ankle 

78 

Knee 

78 

Hallux 

80 

Toes    ,  , 

Upper  limb  movements 


Lower  limb  movements 


Further,  if  we  state  for  each  of  these  their  relative  positions  to  the  whole  of  the 
capsule,  we  obtain  figures  which  give  the  relative  positions  absolutely  as  above 
shown  by  the  numbers  placed  at  the  left  hand  side  of  the  column. 

We  draw  attention  by  brackets  to  the  association  of  parts  in  movement  as  already 
shown  to  occur  in  the  cortex. 

Nothing,  we  believe,  shows  more  distinctly  the  truth  of  our  position  that  the 
arrangement  in  the  capsule  is  but  an  imitation  of  that  on  the  cortex,  which  in  its 
turn  is  but  a  peripheric  projection  of  the  order  of  the  metameres  of  the  whole  body. 

The  accuracy  of  this  general  view  is  borne  out  by  an  analysis  of  the  representation 
of  the  segments  of  one,  the  lower  limb.  In  both  the  cortex  and  capsule  the  hip  is 
most  represented  in  front,  the  small  toes  hindermost  (i.e.,  posterior  to  the  hallux),  and 
the  other  joints  intermediately.  Similarly,  in  accordance  with  the  view  of  Schafer 
and  Horsley*  that  the  trunk  muscles  are  represented  mediately  in  the  "  motor " 
region,  we  find  that  in  the  capsule  the  representation  of  this  part  is,  as  a  rule, 
between  the  upper  linib  and  lower  limb  regions. 

For  the  upper  limb  the  arrangement  in  the  capsule  is  analogous  to  that  for  the 
lower  limb,  namely,  the  largest  joint,  the  shoulder,  is  most  anterior,  and  the  smallest, 
the  most  specialised,  the  thumb,  is  most  posterior.  By  dropping  ve:-ticals  in  fig.  7, 
on  p.  81,  this  is  evidently  the  cortical  arrangement  projected  below. 

*  '  Phil.  Trans.,'  B,  1888,  p.  9  j  «  Roy.  Soc.  Proc.,'  vol.  36, 1884,  p.  437. 
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Fig.  7. 


Arrangement  of  excitable  fibres  in  tbe  internal  capsule. 


Drawn  from  a  photograph  (magnified  twice)  of  the  outer  surface  of  a  Monkey's  (Macacvs  sinicus) 

left  hemisphere. 
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We  are  now  in  a  position  to  point  out  the  chief  facts  of  interest  to  be  noted  in 
Table  V.,  and  which  illustrate  the  relation  between  the  localisation  of  motor  or 
efferent  function  in  the  cortex  and  that  in  the  capsule.  Under  the  drawing,  fig.  7, 
Ave  have  inscribed  in  their  accurate  relative  positions  the  arrangement  of  the  capsular 
fibres.  If  lines  be  laid  obliquely  as  stated  on  p.  79,  the  exact  correspondence  of  the 
cortical  capsular  representation  will  be  readily  seen. 

Movements  of  Eyelids. 

The  most  striking  among  these  is  that  of  closure  of  the  opposite  eyelids  only  (or  in 
an  incompletely  evolved  cortex  accompanied  by  slight  movement  of  the  same  side). 
The  cortical  localisation  of  this  movement  we  give  in  fig.  7,  and  a  line  drawn 
vertically  shows  it  to  be  relatively  far  behind  the  area  for  the  other  movements  of 
the  lids. 

So  in  the  capsule  it  is  found  fully  one-tenth  to  one-fifth  of  the  length  of  the  capsule 
further  back,  and  thus  comes  into  relation  with  the  representation  of  the  upper  limb 
and  angle  of  the  mouth.  No  closer  correspondence  between  the  representation  in  the 
cortex  and  that  in  the  capsule  could  well  be  imagined. 

In  passing  on  to  the  next  feature  of  special  interest  we  would  mention  that  we 
only  observed  the  minuter  changes  in  the  movements  of  the  lips,  mouth,  tongue,  and 
jaws  towards  the  end  of  this  work,  since  our  analysis  of  the  facial  region  (not  yet 
published)  has  only  been  carried  on  during  the  last  fifteen  months.  Hence  our 
account  of  these  movements  is  necessarily  brief. 

Upper  Limb  Movements. 

Elbow. — In  describing*  the  analysis  of  the  upper  limb  cortical  representation  we 
have  shown  that  extension  of  the  elbow  is  represented  most  anteriorly  and 
superiorly,  and  flexion  most  inferiorly  and  posteriorly,  while  confusion  of  these  move- 
ments is  localised  between  their  foci  of  most  intense  representation.  This  is  most 
clearly  found  to  be  also  the  case  in  the  capsule.  The  elbow,  being  a  simple  hinge 
joint  and  allowing  only  of  extension,  flexion  and  confusion,  affords  a  ready  means  for 
this  comparison  between  the  cortex  and  capsule,  and  therefore  it  is  interesting  to  note 
that  in  every  group  of  sections  this  close  similarity  of  representation  was  established. 

Fingers. — So  also  the  hinge  joints  of  the  fingers  show  that  extension  is  represented 
anteriorly  and  flexion  posteriorly  in  the  capsule,  this  difference  being,  as  seen  in 
Table  V.,  present  in  every  group. 

TJmmb. — The  same  also  prevails  for  the  thumb. 

Lower  Limb  Movements. 

Since  the  cortical  representation  of  the  movements  of  the  lower  limb  was  shown  by 
our  analysis  to  be  relatively  imperfect,  it  was  to  be  expected  that  with  the  mingling 

*  'Phil.  Trans.,'  B.,  1887-88. 
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of  fibres  in  the  capsules,  still  less  differentiation  would  be  found.  This  is  obviously 
shown  in  Table  V.,  but  on  inspection,  the  representation  of  even  flexion  of  the  small 
toes  is  consistently  (every  group)  in  front  of  that  of  extension.  To  a  minor  degree 
and  with  less  consistency  (4  of  6  groups)  the  same  holds  for  the  hallux. 

Relative  Amount  or  Degree  of  Representation  of  Extension  compared  to  Flexion. 

This  subject  may  not  be  without  interest  to  those  who  have,  from  excitation 
experiments,  attempted  to  gauge  the  relative  amount  of  functional  activity  in  the 
cortex. 

The  facts  bearing  upon  this  point  obtained  from  the  records  of  hinge  joint  move- 
ments are  so  clear  and  unmistakable  that  they  are  of  value. 

The  following  are  the  proportional  rates  of  frequency  as  observed  in  the  capsule. 


Elbow  .... 
Fingers    .    .  . 
Thumb     .    .  . 

Small  toes    .  . 
Hallux     .    .  . 

Flexion. 

Extension. 

Remarks. 

38 
38 
22 

15 
16 

16 
17 

9 

26 
17 

|  Joints  whose  usual  movement  is  powerful  flexion 

Joint  the  flexion  of  which  is  usually  carefully  regulated 
by  extension 

Joints  very  frequently  spread  in  extension  for  standing 
Joint  used  as  a  thumb  as  well  as  for  support 

The  bearing  of  these  facts  obviously  requires  no  further  comment,  and  the  more  so 
as  they  are  but  confirmatory  of  the  results  we  obtained  in  our  analysis  of  the  cortical 
representation  of  these  parts. 

Conclusions. 

As  the  foregoing  paper  is  but  a  collection  of  detailed  facts  we  can  only  offer  as 
conclusions  a  few  bare  statements. 

1.  The  fibres  of  the  excitable  portion  of  the  internal  capsule  are  arranged  from 
before  back,  in  the  same  order  as  the  foci  of  representation  in  the  excitable  part  of 
the  cortex,  taken  along  lines  drawn  at  right  angles  to  the  direction  of  the  fissure  of 
Rolando. 

2.  This  applies  to  the  great  divisions  of  the  body,  i.e.,  head,  upper  limb,  &c. 

3.  The  arrangement  of  the  fibres  for  the  different  segments  of  each  great  division  is 
'likewise  that  which  prevails  in  the  cortex. 

4.  Similarly  the  character  of  each  movement  is  represented  in  the  capsule  as  in  the 
cortex. 
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Description  of  Plates. 
PLATES  5.-9. 

1.  This  figure  consists  of  a  number  of  drawings  of  the  internal  capsule  and  basal 
ganglia  of  the  left  side  in  horizontal  section,  corresponding  to  the  eight 
different  levels  into  which  we  have  grouped  our  observations,  and  enlarged 
twice  the  natural  size. 

a.  =  Anterior  commissure. 
C.  =  Caudate  nucleus. 

F.  =  The  point  of  fusion  of  the  lenticular  and  caudate  nuclei  in  the 

basal  grey  matter. 
i.  =  Inner  zone  of  the  lenticular  nucleus. 
I.  =  Middle  zone  of  lenticular  nucleus. 
L.  =  Outer  zone  of  lenticular  nucleus  or  putamen. 
0.  =  Optic  thalamus. 
1,  A.-R.,  give  on  tracings  of  the  outlines  of  fig.  1,  the  limitation  of  the  fibres, 
excitation  of  which  produced  a  particular  movement,  the  character  of  which  is 
indicated  in  the  margin. 
4,  5,  6  (on  Plate  6).    Views  of  a  dissection  of  the  haixlened  brain  of  a  Macacus 
sinicus,  in  which  almost  the  whole  of  the  hemisphere  has  been  cut  away, 
leaving  only  the  basal  ganglia  to  show  their  relations  to  each  other  and  to  the 


internal  capsule.    Fig.  4  is  viewed  from  the  inner  or  ventricular  side,  fig.  5 


from  below, 

and  fig.  6  from  the  outer  side. 

A.a.  = 

Anterior  and  ascending  division  of  prefrontal  fibres,  lying  in  the 

deep  groove  between  the  caudate  and  lenticular  nuclei. 

a.c.  = 

Anterior  commissure. 

Ch.  = 

Optic  chiasma. 

Cb.  = 

Cerebellum. 

H.  = 

Horizontal  fibres  of  prefrontal  portion  of  capsule. 

Hi.  = 

Hippocampus  major. 

Gy.Hi.  = 

Gyrus  hippocampi. 

C.q.= 

Corpus  quadrigeminum. 

l.m.  — 

Outermost  lamina  medullaris. 

s.d.  = 

Superior  and  descending  division  of  prefrontal  fibres. 

Ca.  = 

Caudate  nucleus. 

Pu.  = 

Putamen  or  outer  zone  of  lenticular  nucleus. 

P.F.  = 

Excitable  ("  motor  ")  or  fronto-parietal  fibres. 

L.  = 

Posterior  limit  of  excitable  fibres. 

88  ON  THE  INTERNAL  CAPSULE  OF  THE  BONNET  MONKEY. 

Note  change  of  direction  at  this  point  opposite  middle  zone  (m)  of  lenticular 
nucleus,  the  fibres  forming  the  internal  capsule  behind  and  below  (m)  are 
respectively  occipital,  occipitotemporal,  and  temporal. 
M.C  =  Middle  commissure. 

III.,  V.,  and  VI.  denote  the  third,  fifth,  and  sixth  cranial  nerves. 


PLATE  10. 

Groups  I.-VI.    These  are  photographs  typical  of  each  level  at  which  we  have  excited 
the  capsule,  corresponding  to  the  first  six  groups  of  our  observations. 
Ca.  =  Caudate  nucleus. 
Le.  =  Lenticular  nucleus. 
O.Th.  =  Optic  thalamus. 


PLATE  11. 

Groups  VII.  and  VIII.    These  are  photographs  of  our  last  two  levels  and  follow  on 
Plate  X. 

Note. — Group  VIII.  has  been  reversed  in  the  reproduction. 
The  section  is  taken  from  the  left  hemisphere,  except  in  Groups  IV.  and 
VIII.,  which  are  taken  from  the  right  side. 
Fig.  2.    A  photograph  of  a  transverse  vertical  section  of  the  right  hemisphere  of 
Macacus  sinicus,  showing  the  limits  of  the  capsule  and  the  direction  of  its 
anterior  limb  in  frontal  section. 
Ca.  =  Caudate  nucleus. 
C.c.  =  Corpus  callosum. 
Le.  =  Lenticular  nucleus. 
S.l.  =  Septum  lucidum. 
Fig.  3.    This  figure  is  a  photograph  of  a  sagittal  section  of  the  hemisphere  of  a 
Macacus  sinicus  stained  by  Pal's  method  and  mounted  in  balsam.  The 
medullated  fibres  are  consequently  stained  black,  the  grey  matter  being  of  a 
lighter  greyish  tint. 

A.a.  =  Anterior  or  ascending  fibres  of  prefrontal  division  of  capsule. 
H.  =  Horizontal  fibres  of  the  same. 
S.d.  =  Superior  or  descending  fibres  of  the  same. 
P.f.  =  Pyramidal  fibres  (excitable). 
P.  =  Fibres  eutering  the  posterior  limb  of  the  capsule. 
Ca.  =  Caudate  nucleus. 
Le.  =  Lenticular  nucleus. 
O.th.  =  Optic  thalamus. 
A.c.  —.  Anterior  commissure. 
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Introduction. 

In  continuation  of  our  former  minute  analysis  of  the  excitable  region  of  the  cerebral 
cortex,  we  have  explored  the  so-called  centres  for  the  facial,  lingual,  and  pharyngeal 
movements,  or  as  we  prefer  to  speak  of  them  collectively,  the  facial  area.  This 
district,  as  will  presently  be  seen,  has  been  mapped  out  by  numerous  investigators, 
and  its  general  limits  are  fairly  well  understood  ;  but  as  we  have  found  in  the 
course  of  our  investigations  several  points  untouched,  especially  relating  to  the 

*  The  expenses  of  this  research  were  defrayed  principally  by  an  assignment  from  tho  Government 
Grant  administered  by  the  Royal  Society,  and  in  part  by  a  grant  from  tho  Scientific  Grants  Com  mitt  eo 
of  the  British  Medical  Association. 
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representation  of  the  movements  of  the  tongue,  we  think  it  better  to  arrange  the 
facts  previously  determined  in  an  historical  introduction  and  to  subjoin  our  own 
observations.  In  this,  as  in  our  second  paper*  on  the  minuter  representation  of 
movements  in  the  cerebral  cortex,  we  have,  in  order  to  avoid  discrepancies  in  the 
arrangement  of  the  sulci,  employed  only  the  same  variety  of  Monkey,  viz.,  Macacus 
sinicus.    In  all  we  have  performed  twenty  experiments. 

Historical  Introduction. 

FRiTSCHt  and  Hitzig,  in  the  original  memoir  which  forms  the  basis  of  all  modern 
research  on  the  subject,  contented  themselves  with  defining  the  foci  of  representation 
of  movements  of  the  face  in  the  Carnivora. 

Hitzig  J  later  investigated  the  point  in  the  Monkey.  In  his  paper  on  equivalent 
regions  of  the  brain  in  Dogs,  Monkeys,  and  Men,  Hitzig  describes  an  excitation 
experiment  on  a  Monkey  (Imats  rhesus).  The  representation  of  facial  movements 
he  obtained  in  this  case  was  as  follows  : — The  highest  point  of  the  facial  "  region  " 
was  "  centre  3 "  and  is  figured  by  him  as  just  above  the  genu  of  the  fissure  of 
Rolando  and  in  the  ascending  frontal  gyrus.  At  this  point  he  obtained  closure  of 
the  eye  and  retraction  of  the  ear.  Below  this  point,  excitation  elicited,  in  addition  to 
the  ear  movement,  contraction  of  the  masseters,  then  movement  of  the  lips,  and  finally, 
at  a  point  just  above  the  fissure  of  Sylvius,  the  current  produced  opening 
(aufsperren)  of  the  mouth.  Just  above  this  latter  place  he  obtained  retraction  of 
the  angle  of  the  mouth,  and  in  neighbouring  parts  movements  of  the  tongue  muscles, 
depressors  of  the  jaw,  elevators  and  depressors  of  the  hyoid  bone.  All  these  latter- 
named  movements  were  bilateral. 

Ferrier.§ — Ferrler,  in  the  Monkey,  determined  four  points  in  which  are  repre- 
sented movements  of  the  facial  muscles  and  tongue,  as  follows  : — 

No.  7.  (Situated  on  the  ascending  frontal  gyrus  apparently  just  opposite  and  below 
the  genu  of  the  fissure  of  Rolando,  see  further,  "Anatomy,"  p.  4),  "Retraction  and 
Elevation  of  the  Angle  of  the  Mouth  and  the  Action  of  the  Zygomatic  Muscles." 

No.  8.  (Situated  just  below  and  above  sulcus  v,  see  further,  "Anatomy,"  p.  4), 
"Elevation  of  the  Ala  of  the  Nose  and  Upper  Lip,  Associated  with  Depression  of  the 
Lower  Lip  so  as  Fully  to  Expose  the  Canine  Teeth." 

No.  9.  (Situated  on  the  lower  extremity  of  the  ascending  frontal  gyrus  immediately 
in  front  of  the  sidcus  v,  see  further,  "Anatomy,"  p.  4),  "Opening  of  the  Mouth 
with  Protrusion  of  the  Tongue." 

No.  10.  (Situated  on  the  lower  end  of  the  ascending  frontal  gyrus  between  the 

*  1  Phil.  Trans.,'  B,  1888. 

t  '  Archiv  fiir  Anat.  und  Phys.'  (du  Bois-Reymond),  1870,  p.  300. 
X  '  Untorsuchungen  ilber  das  Gelihn,'  Berlin,  1874,  p.  132. 
§  '  The  Functions  of  the  Brain,'  1st  ed.,  1876,  2nd  ed.,  1886. 
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lower  end  of  the  fissure  of  Rolando  and  v,  see  further,  "  Anatomy,"  p.  4),  "  Open- 
ing of  the  Mouth  with  Retraction  of  the  Tongue."  "  These  movements  "  (described 
under  Nos.  9  and  10)  "are  occasionally  repeated  for  some  time  after  the  electrodes 
are  withdrawn.    The  movements  are  bilateral." 

No.  1 1 .  (Situated  on  the  lower  extremity  of  the  ascending  parietal  gyrus  covering 
the  space  between  the  hinder  end  of  the  fissure  of  Rolando  and  the  lower  end  of 
the  intraparietal  sulcus,)  "  Retraction  of  the  Angle  of  the  Mouth."  "  The  action  is 
that  of  the  platysma  myoides,  and  when  this  is  strong  the  head  is  drawn  slightly  to 
the  side." 

H.  Munk  *  confirmed  the  fact  that  the  movements  of  the  face  and  tongue  were 
represented  in  the  Monkey  in  the  area  delineated  by  Hitzig  and  by  Ferrier,  but 
did  not  record  minuter  details  of  the  localisation. 

Schafer  and  HoRSLEY.t — These  investigators  found  on  sub-dividing  the  facial  area, 
as  marked  out  by  Ferrier,  that  the  broad  facts  described  by  him  were  correct,  except 
that  the  upper  part  of  the  area  was  the  seat  of  elevation  of  the  angle  of  the  mouth, 
and  that  the  lower  half  was  the  region  of  retraction  of  the  same.  (It  may  be  noted 
that  Ferrier,  in  the  last  chapter  of  his  book,  when  he  transfers  the  excitation 
results  from  the  Monkey's  brain  to  that  of  Man,  places  these  areas  of  representation 
in  the  reverse  order,  i.e.,  the  same  as  Schafer  and  Horsley,  and,  as  will  presently 
be  seen,  the  same  as  we  have  found  it,  namely,  "Elevation"  above  "Retraction.) 
They  further  observed  that  just  below  the  upper  border  of  the  so-called  face  region, 
i.e.,  just  opposite  to  the  lower  end  of  the  intraparietal  sulcus,  the  movements  of 
winking  and  of  closure  (synchronous)  of  both  pairs  of  eyelids  were  therein  repre- 
sented ;  also  that  half-way  down  the  vertical  limit  of  the  prsecentral  sulcus  and 
just  below  it,  the  movement  of  drawing  in  and  out  of  both  cheeks  was  elicited 
on  excitation  ;  also  that  pouting  and  pursing  of  the  lips  were  evoked  from  the 
horizontal  strip  of  cortex  running  forwards  from  the  lower  end  of  the  fissure  of 
Rolando  towards  the  prsecentral  sulcus ;  finally,  from  above  the  Sylvian  fissure  and 
between  the  lower  end  of  the  fissure  of  Rolando  and  "  v"  it  was  found  that  the 
tongue  was  actively  retracted  and  also  directed  towards  the  side  of  excitation. 

Anatomy. 

The  excitable  region  of  the  cortex  which  we  have  investigated  in  this  research 
comprises  about  the  lower  third  of  the  ascending  frontal  and  parietal  convolutions 
and  the  commencement  of  the  supramarginal  gyrus.  More  exactly,  the  area  now 
under  consideration  is  bounded  below  by  the  fissure  of  Sylvius,  in  front  by  the 

*  '  Ueber  die  Funktionen  der  Grosshimrindc.  Gesammelte  Mitthcilungen,'  2te  Auflage,  1890,  p.  53, 
also  1  Real-EncycIopUdie  d.  Gesammten  Heilkundo.' 

t '  Phil.  Trans.,'  1888  (paper  road  February,  1887).  For  certain  minuto  details  see  also  Schafer, 
'  Ueber  die  Motorischeu  Rinden-Ccntren  des  Affen-Gchirns,'  Fcstgabc  z.  Caul  Ludwio  gewidmet,  1887. 
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vertical  limb  of  the  prrecentral  sulcus,  and  by  a  line  drawn  from  the  inferior  end  of 
this  latter  vertically  down  to  the  Sylvian  fissure,  behind  by  a  line  drawn  from  a  point 
just  behind  the  anterior  end  of  the  intraparietal  sulcus  vertically  downwards  to  the 
Sylvian  fissure;  and  superiorly  by  a  line  drawn  horizontally  across  the  ascending 
frontal  convolution  on  a  level  with  the  upper  extremity  of  the  prsecentral  sulcus 
above  the  bend  in  the  fissure  of  Rolando,  called  the  genu  (inferior  genu),  and  by  a 
line  drawn  across  the  ascending  parietal  convolution  from  the  genu  of  the  fissure  of 
Rolando  to  the  anterior  end  of  the  intraparietal  sulcus. 

In  our  paper  ('Phil.  Trans.,'  B.,  28,  1888)  on  the  minuter  representation  of  the 
movements  of  the  limbs,  we  have  described  and  figured  the  anatomy  of  the  excitable 
region,  with  a  minor  exception,  which  we  must  now  notice.  It  will  at  the  same  time, 
perhaps,  be  useful  to  enumerate  the  chief  points  before  described.  Reference,  more- 
over, to  fig.  1  (Plate  8)  will  render  this  more  easy. 

The  mode  of  termination  and  form  of  the  fissure  of  Rolando  we  have  elsewhere* 
fully  described,  and  need,  therefore,  only  allude  to  the  inferior  genu,  as  showing  the 
position  of  the  borderland  between  the  areas  for  representation  of  the  upper  limb  and 
of  the  face. 

The  prsecentral  sulcus  we  have  fully  described  in  our  first  paper  in  the  '  Philosophical 
Transactions,'*  but  we  would  here  refer  to  two  small  sulci  in  the  ascending  frontal 
and  parietal  convolutions  respectively.  In  the  ascending  frontal  convolution,  at  its 
lower  part,  there  is  a  small  vertical  sulcus,  st  in  fig.  1,  about  3  millims.  long,  the 
lower  end  of  which  is  about  4  millims.  from  the  fissure  of  Sylvius,  and  it  is  situated 
about  8  millims.  behind  the  prsecentral  sulcus  and  5  millims.  in  front  of  the  fissure  of 
Rolando.  This  sulcus,  which  is  very  constant  in  Macacus  sinicus,  was  figured  in  a 
previous  papert  of  ours  as  "  v"  and  was  described  by  Semon  and  Horsley|  as 
forming  the  posterior  border  of  the  area  for  the  more  absolute  representation  of  the 
vocal  cords.  In  the  ascending  parietal  convolutions  there  is  also  a  slightly  marked 
sulcus,  ret  in  fig.  1,  about  2  millims.  long,  situated  vertically  about  2  millims.  behind 
the  fissure  of  Rolando,  and  the  same  distance  above  the  fissure  of  Sylvius  and 
below  the  anterior  end  of  the  intraparietal  sulcus.  This  small  sulcus,  which  is  not 
so  constant  as  the  sulcus  "  v,"  we  propose  to  call  "u." 

These  two  small  subordinate  sulci  are  termed  by  Eberstaller,  in  Man,  the  sulcus 
transversus  frontalis  inferior  and  the  sulcus  retrocentralis  transversus  respectively. 

We  are  inclined  to  adopt  this  nomenclature  for  the  lower  Monkey  also.  The  point 
is  specially  discussed  by  Professor  Cunningham  in.  his  memoir  "  A  Contribution 
to  the  Surface  Anatomy  of  the  Cerebral  Hemispheres"  (Royal  Irish  Academy, 
Dublin,  1892). 


*  «  Phil.  Trans.,'  vol.  178  (1887),  B,  6,  p.  154. 
t  'Phil.  Trans.,'  vol.  179  (1888),  B,  p.  206. 
J  '  Phil.  Trans.,'  vol.  181  (1890),  B,  p.  197. 
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Method  of  Investigation,  including  Notation. 

Operation  and  Method  of  Recording. — In  all  cases  we  have  exposed  the  cortex 
cerebri,  with  the  precautions  against  cooling,  drying,  &c,  described  in  our  previous 
papers.  After  the  opening  of  the  dura  mater  the  sulci  were,  as  before,  carefully 
plotted  out  with  fine  compasses  on  paper,  ruled  mathematically  with  squares  whose 
sides  measured  2  millims.  In  this  way,  as  before  said,  we  obtained  a  projection  of  the 
configuration  of  the  cortex,  the  surface  of  which  was  thus  already  divided  into  squares 
of  4  square  millims.  in  extent  (see  Plate  8,  fig.  2),  an  arbitrary  number  being  given 
to  denote  each  square ;  these  were  successively  stimulated,  and  the  result  recorded. 
Throughout  this  paper  we  shall  refer,  as  before,  to  these  units  of  localisation  as 
"  squares." 

In  every  case  the  ansesthetic  employed  was  ether,  and  the  animal  was  killed  before 
it  recovered  from  the  narcosis. 

Method  of  Excitation. — The  excitation,  as  before,  was  applied  by  fine  platinum 
electrodes  2  millims.  apart  and  furnished  from  the  secondary  coil  of  a  Du  Bois- 
Reymond  inductorium  served  by  a  one-litre  bichromate  cell.  The  strength  of  the 
faradic  current  used  was  very  weak,  the  distance  of  the  secondary  coil  varying  from 
12  to  a  maximum  of  9  centims.  Momentary  application  of  the  electrodes  was  also 
resorted  to  for  the  detection  of  the  initial  contraction.  For  the  complete  development 
of  any  movement,  and  at  the  same  time  ensuring  against  the  incidence  of  epilepsy,  we 
found  that  usually  2  seconds  was  a  sufficient  duration  for  the  stimulus. 

Arrangement  of  the  Results  Obtained. — Even  with  every  effort  to  obtain  an  animal 
of  the  same  size  and  age  and  of  the  same  variety,  it  is  nevertheless  impossible  to  avoid 
certain  minute  differences  which  render  difficult  the  direct  transference  of  the  facts 
relating  to  one  square  in  one  animal  to  another  square  in  another  experiment. 

We  combined  the  results  of  our  twenty  experiments  in  the  following  manner,  and 
from  control  observations  subsequently  carried  out  are  sure  that  our  procedure  has 
not  involved  any  serious  error. 

Mode  of  Notation. — As  in  each  experiment  we  had  made  exact  drawings  of  the 
sulci  on  the  ruled  paper  (see  fig.  2),  it  was  easy  to  denominate  the  horizontal  lines  of 
squares  in  successive  order  from  the  fissure  of  Sylvius  by  capital  letters,  viz.  : — 
A,  B,  C,  D,  E,  &c.  (see  fig.  2),  whereas  the  vertical  rows  were  designated  by  italic 
letters  a,  b,  c,  d,  e,  &c,  commencing  opposite  the  prsecentral  sulcus  and  proceeding 
from  front  to  back. 

In  this  way  any  given  square  could  be  at  once  fixed  and  spoken  of,  for  example,  as 
Ad,  Fe,  Sec.  When  thus  in  possession  of  a  general  classification  the  average  position 
and  inclination  of  the  sulci  could  be  discovered  and  pricked  off. 

By  this  means  we- constructed  fig.  2,  in  which  is  correctly  given  the  average  position 
of  the  sulci  and  size  of  the  gyri  in  all  the  cases  observed  by  us. 

Having  therefore  before  us  the  average  configuration  of  the  area  under  discussion 
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and  having  denominated  the  squares  subdividing  it  as  above  stated,  the  aggregation 
and  collocation  of  the  individual  observations  in  each  experiment  became  a  very  easy 
matter,  since  for  any  given  portion  of  the  surface  explored  the  result  of  excitation  in 
each  animal  was  placed  under  the  same  heading. 

To  guard  against  the  fallacy  of  producing  a  state  of  hyper-excitability  in  any  one 
direction  and  to  check  our  results  containing  the  arrangement  of  representation,  i.e., 
whether  vertical,  or  lateral,  we  moved  the  electrodes  in  different  experiments  sometimes 
vertically  from  square  to  square,  at  other  times  horizontally. 

Preliminary  Considerations. 

Before  giving  a  detailed  account  of  the  results  obtained  in  these  experiments,  it 
will  be  advisable  to  say  a  few  words  about  the  phenomenon  of  bilateral  representation. 

Bilateral  Representation. — In  a  previous  paper*  by  us  on  the  excitable  fibres  of  the 
internal  capsule  the  question  of  bilateral  representation  was  discussed.  The  views  of 
Broadbent  were  there  referred  to,  viz. : — that  bilateral  movement  was  effected  by 
impulses  passing  from  the  sound  hemisphere  across  commissural  fibres  postulated  to 
exist  between  the  lower  (i.e.,  bulbo-spinal)  centres  of  the  two  sides  ;  we  gave  also  a 
list  of  movements  credited  as  being  bilaterally  represented.  As  this  question  is  so 
important,  we  have  reproduced  this  list  (see  Table),  and  desire  to  comment  further 
upon  it. 

Table  1. — Credited  as  Bilateral. 


Class  I. 


Movements  of  trunk  muscles,  i.e.,  rectus  abdominis" 

Certain  movements  of  tongue  

Conjugate  deviation  of  eyes  f Not  bl]ate™%  represented. 

Turning  of  head  J 

Retraction  of  angle  of  mouth  

Pursing  of  lips   n 

Opening  of  eyelids  

Closing  of  eyelids  

Opening  mouth  

Elevation  of  soft  palate   . 


Imperfectly  bilaterally  re- 
presented. 


Pouting  of  hps  ~) 

Mastication  m    ,  ,V,Iafs 

Swallowing   >  Truly    bilaterally  repre- 

Adduction  of  vocal  cords  J  seated. 

In  our  previous  paper  on  the  Internal  Capsule  we  showed  that  movements  of  a 
special  character  and  which  we  have  placed  in  Class  I.  being  elicited  from  only  a 
definite  part  of  the  cortex,  could  not  be  regarded  as  being  bilaterally  represented,  i.e., 
as  being  represented  in  both  hemispheres,  and  being  evoked  by  excitation  of  either 
hemisphere.  Consequently,  for  these  movements,  no  substitution  of  function  by  the 
opposite  side  of  the  brain  is  conceivable. 


*  '  Phil.  Trans.,'  vol.  181  (1890),  B,  p.  73. 
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We  desire  now  to  say  a  few  words  respecting  the  present  use  of  the  term,  bilateral 
movement,  and  also  the  term,  bilaterally  associated  movement.    As  regards  bilateral 
movement  we  believe  we  are  right  in  stating  that  the  general  use  of  this  term  at  the 
present  time  is  partly  the  same  as  that  of  bilaterally  associated  movement,  but  this 
second  term  premises  that  there  is  an  association  between  the  representations  in  the 
nervous  system  of  so-called  bilaterally  associated  movements.    We  venture  to  think 
that  the  term  bilateral  movement  should  be  strictly  confined  to  its  simplest  meaning, 
viz.,  that  in  the  execution  of  any  definite  muscular  action  or  movement  the  muscles 
of  both  sides  of  the  body  are  involved,  though  not  necessarily  to  the  same  extent,  or 
that  the  muscles  acting  are  of  the  same  name.    We  would  urge  that,  physiologically 
speaking,  the  term  bilateral  movement  can  only  mean  simultaneous  action  of  muscles 
on  both  sides  of  the  body,  and  ought  not  to  be  used  for  the  representation  of  those 
muscles  in  the  nerve  centres.    We  believe  that  a  certain  degree  of  laxity  in  the  use 
of  this  expression  has  crept  in  by  the  employment  of  the  word  "  associated."  The 
term  association  connotes  physiological  co-operation  and  arrangement  in  the  nervous 
system,  i.e.,  motor  representation  when  the  term  is  applied  to  movements.   With  this 
view  the  expression  "  bilaterally  associated  movement "  has  been  frequently  used  to 
characterise  the  activity  of  the  trunk  muscles.    We  showed  in  our  Internal  Capsule 
paper  that  this  was  not  justified  by  the  facts,  since  the  somatic  or  trunk  muscles 
are  as  unilaterally  represented,  with  the  exceptions  denoted  in  Table  I.,  as  are  the 
limb  muscles.    This  point  has  been  treated  of  late  by  Sherrington,*  who  has  since 
shown  that  even  the  sphincter  ani  is  unilaterally  represented.    Whatever  may  be  the 
physical  condition,  i.e.,  movements  of  different  muscles  for  the  performance  of  definite 
acts,  there  does  not  seem  to  be  any  ground  for  assuming,  as  has  been  so  frequently 
done,  that  certain  muscles,  e.g.,  those  of  the  trunk,  act  in  association,  or  that  they 
are,  therefore,  bilaterally  represented. 

Apart  from  the  special  physiological  interest  attaching  to  this  question  of  bilate- 
rality,  it  is  impossible  for  neurologists  to  correctly  appreciate  the  pathology  of  epilepsy 
or  the  restoration  of  function  when  certain  districts  of  the  cerebral  hemisphere  have 
been  destroyed  until  this  question  has  been  settled. 


ANALYSIS  OF  RESULTS. 


We  have  arranged  the  movements  elicited  by  excitation  of  the  region  observed 
according  to  the  following  classification. 


*  'Journal  of  Physiology,'  18'J2. 
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I.  Omfacial  Movements. 


A.  Face 


f  (a)  Upper  face 


(1)  Eyelids 


(2)  Eyes  .... 

(3)  Angle  of  mouth 


(6)  Lips . 


.< 


JO 


Opposite  side  ....  "I  Closing 

Bilateral  J  Opening 

Conjugate  deviation  to  1  Opposite  side 
the  opposite  side      .  I  rr 


jpposit 
Elevation  of 


f  Inversion 
\  Eversion 


(c)  Lower  face    .  < 


Retraction  of 
Advancing  of 


(2)  Lower  lip    .  . 

(1)  Angle  of  mouth 

(2)  Angle  of  mouth 

(3)  Pursing  of  mouth 

(4)  Pouting  of  mouth 

(5)  Cheek 
.(6)  Chin 

(1)  Movements  towards  the  opposite  side 

B.  Tongue  -\  (2)  Movements  towards  the  same  side 

(3)  Bilateral  movements 


C.  Lower  jaw 


D.  Pharynx 


{ 


{ 


Same  side 

Opposite  side 
Same  side 
Bilateral 


C  Opposite  side 
.  <  Same  side 

|_  Bilateral 

f  Opposite  side 
.<  Same  side 
Bilateral 


(1)  Single  movements     .    .  -{vertical 

(2)  Rhythmical  movements  .    .  Mastication 

("Opposite  side 
(1)  Soft  palate  (elevation  of)   .<  Same  side 


(2)  Swallowing 


(_  Bilateral 


II.  Movements  otherwise  than  Orifacial. 

A.  Head. 

B.  Upper  Limb. 

We  will  now  take  the  movements  observed  in  the  present  research,  seriatim,  and 
give  in  detail  first  the  squares  in  which  they  are  represented,  arranging  these  in  the 
order  of  greatest  frequency  of  occurrence  of  the  movement.  Under  the  same  heading 
we  shall  treat  of  the  individual  points  of  importance  and  interest  observed  for  each 
movement. 

L  Orifacial  Movements. 
A.  Face. 

(a.)  Upper  Face. 

(1.)  Representation  of  the  Movements  of  the  Eyelids. 

'    (a.)  Closure    .    .    ;  f  Opposite  eyelids. 

IJiyelids  oi  both  sides. 
(6.)  Opening  .    .    .  Eyelids  of  both  sides. 
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(a.)  Closure  of  Opposite  Eyelids  (fig.  3).— This  movement,  which  possesses  a  well- 
defined  focus  of  representation  in  the  Monkey's  cortex,  corresponds  to  that  seen  in  the 
cortex  of  the  Dog  {vide  Fritsch  and  Hitzig,  Ferrier,  Luciani,  Paneth,  and  others). 

Closure  of  the  opposite  eyelids  was  noted  by  us  to  occur  at  the  following  squares  in 
the  order  of  greatest  frequency,  as  shown  by  the  numbers  : — 


6. 

5. 

4. 

3. 

2. 

I. 

Ft 
Gi 

Fk 
El 
li 

Ih 

Ek       Fm       If  Kf 
El        Gk       Jf  Kg 
Fm      Kl       Ji  Kh 

m    jj  Ki 

It  will  be  understood  that  excitation  of  these  points  elicited  only  closure  of  the 
pair  of  eyelids  of  the  opposite  side  to  that  of  the  hemisphere  stimulated.  It  is  very 
well  shown  to  be  unilateral  in  instantaneous  (flash)  photographs  taken  during  excita- 
tion. "We  only  once  observed  bilateral  action,  viz.,  closure  of  both  pairs  of  eyelids  at  G/. 

There  is  in  addition  a  very  characteristic  bilateral  movement  of  the  eyelids  (i.e., 
both  pairs),  popularly  termed  blinking,  which  requires  description.  This  consists  of  a 
rhythmical  closure,  or  opening  of  both  pairs  of  eyelids.  This  is,  of  course,  quite 
different  to  the  movement  just  mentioned.  We  observed  it  to  occur  in  three  separate 
experiments  upon  excitation  of  the  square  F/. 

(b.)  Opening  of  the  Eyelids  of  Both  Sides. — This  movement  we  do  not  regard  as 
being  specially  represented  in  the  area  under  discussion  (i.e.,  posterior  to  the  sulcus 
preecentralis,  inferior  and  anterior  to  the  lower  end  of  the  intraparietal  sulcus),  because, 
as  has  been  shown  by  other  investigators  besides  ourselves,  the  focus  of  this  movement 
is  situated  in  front  of  the  praecentral  sulcus.  We  noted  it,  however,  to  occur  once  at 
le  in  an  animal  in  which  the  ascending  frontal  gyrus  was  exceptionally  broad. 

(2.)  Representation  of  the  Movements  of  the  Eyes. 

(a.)  Conjugate  Deviation  of  the  Eyeballs  to  the  Opposite  Side  to  that  of  Excitation. 
— This  well-known  movement,  the  chief  focus  of  which  is  situated  in  front  of  the 
praecentral  sulcus,  we  elicited  from  the  squares — 


2. 

1. 

Gl 

El 
Em 

These  squares,  it  will  be  seen,  are  situated  at  the  commencement  of  the  supra- 
marginal  gyrus,  or,  as  it  is  often  improperly  termed,  the  anterior  limb  of  the  angular 
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gyrus,  wherein  this  movement  has  previously  so  often  been  observed  to  be  represented 
(vide  Ferrier,  Luciani,  Schafer). 

We  observed  no  other  movements  of  the  eyeballs. 

(3.)  Angle  of  Mouth,  Elevation  of. 

We  subdivide  the  representation  of  the  movement  of  elevation  of  the  angle  of 
the  mouth  under  the  following  headings  : — 

(a.)  Elevation  of  the  opposite  angle  of  the  mouth. 
(b.)  Elevation  of  the  angle  of  the  same  side, 
(c.)  Elevation  of  both  the  angles  of  the  mouth. 

(a.)  Elevation  of  the  Angle  of  the  Opposite  Side  (fig.  '4). — This,  by  far  the  most 
frequent  movement  of  elevation,  was  observed  at  the  following  large  number  of 
squares  : — 


7. 

6. 

5. 

4. 

3. 

2, 

1. 

G<7 

Ej 

Efc 

Dfc  H/ 

Eg 

m 

Ch 

Ee 

J/ 

Gh 

Gf 

Ei  Ih 

•  F/ 

Di 

Ci 

W 

J? 

Gi 

m 

Pi 

Wi 

Oj 

Fi 

Kh 

Gi 

EZ 

Gk 

Gd 

is 

¥k 

Hi 

FZ 

Tie 

Ek 

1/ 

Ge 

DZ 

li 

As  is  seen  in  fig.  4  the  focus  of  greatest  representation  is  at  Gg,  Gh. 

(6.)  Elevation  of  the  Angle  of  the  Same  Side. — The  representation  of  this  movement, 
which  from  d  priori  considerations  we  did  not  anticipate  finding,  was  observed  in  single 
instances  at  squares  : — 

Af      Bj      Cj       Bi  ~Fh. 

(c.)  Elevation  of  both  the  Angles  of  the  Mouth. — As  a  corollary  to  the  facts  just 
related,  the  actual  observation  of  bilateral  representation  of  this  movement  of  eleva- 
tion of  the  angle  of  the  mouth  was  seen  on  two  single  occasions,  viz.,  at  squares — 

CI  Ge. 

This  bilaterality  is  therefore  very  rare. 

(b.)  Lips. 

In  describing  the  movements  of  the  lips  we  have  observed  occasionally  such  uni- 
laterality  of  representation  as  to  lead  us  to  regard  the  lips,  e.g.,  the  upper  and  the 
lower,  as  divisible  into  two  halves,  viz.,  the  light  and  the  left.  We  have,  therefore, 
subdivided  the  lips  into  four  regions,  a  right  and  left  upper  and  lower  lip.  We  thus 
classify  the  movements  noted,  according  as  to  whether  they  affect  the  upper  or  lower 
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lip  individually,  and  further  whether  it  is  of  the  opposite  or  of  the  same  side,  or 
whether  both  sides  move  at  once.    The  movements  observed  are  as  follows  : — 

(a.)  Elevation  of  the  upper  lip  of  the  opposite  side. 

(b.)  Depression  of  the  lower  lip  of  the  opposite  side. 

(c.)  Inversion  of  the  lower  lip  of  the  opposite  side. 

(d.)  Inversion  of  both  lips  of  the  same  side. 

(e.)  Inversion  of  both  lips  of  both  sides,  but  especially  of  the  opposite  side. 
(f.)  Inversion  of  both  lips. 

(a.)  Elevation  of  the  Upper  Lip  of  the  Opposite  Side. — This  is  a  rare  movement  of 
remarkably  unilateral  character  which  differs  from  simple  elevation  of  the  angle  of 
the  mouth  in  that  the  ala  of  the  nose  is  not  moved.  It  was  observed  to  occur  only 
once  at  squares  B;',  Cf,  and  Cg. 

(b.)  Depression  of  the  Lower  Lip  of  the  Opposite  Side  (fig.  5). — This  movement  is 
represented  at  the  following  squares  : — 


3. 

2. 

]. 

*8 

Fe 

Fh 

li 

1*7 

Gg 

Gd 

J/ 

Ge 

J? 

1/ 

Gf 

Ih 

(c.)  Inversion  of  the  Opposite  Lower  Lip. — This,  as  a  solitary  movement,  occurred 
only  once  at  Ql. 

(d.)  Inversion  of  both  Lips  of  the  Same  Side. — This  occurred  twice  at  E/i. 

(e.)  Inversion  of  both  Lips  of  Both  Sides,  but  especially  the  Halves  of  the  Opposite 
Side. — In  this  case  the  whole  length  of  the  upper  and  lower  lips  was  inverted, 
but  the  opposite  halves  were  affected  notably  more  than  those  of  the  same  side. 
The  movement  was  found  at  squares — 


2. 


Fe 

Fi 

G» 

Qj 

Gk 
V 


A/ 


Ec 
Ed 
Ee 
Ei 
Ej 
Ek 


F/ 
Fk 
Ge 


He 

a/ 

nk 
m 


(f.)  Inversion  of  Upper  and  Lower  Lip  of  Both  Sides. — This  movement  is  similar 
to  the  one  just  described,  except  that  it  was  completely  bilateral,  no  difference  being 
found  between  the  two  sides.  It  occurred  once  at  A#,  B/,  Bg,  Bh,  Bi,  Bj,  Di,  Dk,  E/j. 
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(c.)  Lower  Face. 

We  now  come  to  the  movements  of  the  lower  part  of  the  face  and  commence  with 
those  of  the  angle  of  the  mouth.    These  may  be  suitably  arranged  as  follows  : — 

(a.)  Retraction  of  the  angle  of  the  Mouth  of  the  opposite  side. 


(b.)        „  „  „  „  „     „  same  side, 

(c.)  „  „  „  „  both  sides. 

((/.)  Advancing  „  ,,  „  „  the  opposite  side, 

(e.)        „  ,,  „  „         same  side  alone. 

(/)        „  »  j.  »  both  sides. 

(g.)        „  „  „  „  „  the  same  side  together  with  the  cheek. 

(h.)  Depression  „  „  „  „  „  „  „ 


(a.)  Retraction  of  the  Angle  of  the  Mouth  of  the  Opposite  Side  (Plate  8,  fig.  6). — 
This,  with  that  of  elevation  of  the  angle  of  the  mouth,  is  the  most  important 
movement  of  the  face,  and  has  long  been  recognized  to  be  so.  In  the  movement  of 
retraction,  the  angle  of  the  mouth  is  drawn  horizontally  backwards  without  neces- 
sarily parting  the  lips.    It  occurred  at  squares — 


12. 

9. 

8. 

7. 

6. 

5. 

4. 

3. 

2. 

1. 

E/ 

Efc 

E? 

m 

Oj 

D/ 
Ve 

Gh 

Bh 

m 

Ei 

T>i 

Gh 

Bi 

Gf 

Fi 

H/ 

Gf 

Ff 

T>1 

Bj 

Gg 

Pj 

Hi 

m 

Eh 

D7t 

Gh 

G9 

Gh 

Fk 

Ee 

~Dg 

Gj 
Ie 

Gi 
Gk 

Ef 
Fm 

Ei 
El 

I? 

GI 

m 

Fl 

Ih 

J/ 

Gd 

J<7 

Ge 

Bk 
J/i 

(b.)  Retraction  of  the  Angle  of  the  Mouth  of  the  Same  Side. — Particular  notice 
must  be  taken  of  this  movement  as  it  occurs  on  the  same  side  as  that  of  the  hemi- 
sphere excited.    It  was  found  in  squares — 


2. 

1. 

A/ 

A? 

Bi 

Eg 

B/ 

Ai 

Cb 

Gh 

B<7 

w 

Its  relative  infrequency  is  very  obvious. 
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(c.)  Retraction  of  the  Angle  of  the  Mouth  of  Both  Sides  (fig.  7). — This  truly 
bilateral  movement  was  seen  at  squares — 


'  3. 

1. 

0/ 

a 

Cg 

DA; 

Ck 

E/ 

Ch 

Bi 

m 

Eg 

Dc 

w 

The  next  kind  of  movement  which  we  noticed  to  affect  the  angle  of  the  mouth 
was  in  the  opposite  direction  to  that  just  mentioned  of  retraction,  and  may  properly 
be  described  as  advancing.  In  this  the  angle  of  the  mouth  is  drawn  or  pushed 
forward,  and  the  movement  may  occur  on  either  the  side  opposite  to  that  of  the 
hemisphere  excited,  or  on  the  same  side,  or  bilaterally,  i.e.,  both  angles  of  the  mouth 
are  advanced  simultaneously,  and,  as  will  be  subsequently  seen,  also  accompanied 
by  movement  of  the  cheek. 

(d.)  Advancing  of  the  Angle  of  the  Mouth  of  the  Opposite  Side, — This,  the  crossed 
unilateral  action  as  generally  understood,  we  only  noted  to  occur  in  single  instances 

Dh    Ge   Gg   Gh   H/  Kg. 

(e.)  Advancing  of  the  Angle  of  the  Mouth  of  the  Same  Side  Alone. — This  rare 
movement  was  observed  only  once  at  Dh. 

(f.)  Advancing  of  the  Angle  of  the  Mouth  of  Both  Sides. — This,  which  is  a  well- 
marked  bilateral  movement,  is  in  our  opinion  the  forerunner  to  the  important  move- 
ments of  pouting  and  pursing  of  the  mouth.  "We  observed  it  repeatedly  at  squares, 
viz. : — 


3. 

2. 

1. 

Dh 

Be 

~Dd 

D/ 

Dfc 

.  o/ 

Be 

D<7 

Gh 

(g.)  Advancing  of  the  Angle  of  the  Mouth  of  the  Same  Side  together  idth  the  Clieeh 
This  combined  action  of  the  forward  movement  of  the  angle  of  the  mouth  and 

cheek  was  only  observed  twice  at  Ch,  and  must  be  looked  upon  as  an  exceptional 

development  of  the  advancing  of  the  angle  of  the  mouth. 

(h.)  Depression  of  the  Angle  of  the  Mouth  (i.e.,  Platysma  Action). — We  only 

observed  this  movement  to  occur  twice,  viz.,  at  centres  Cg  and  Ch. 

(3)  and  (4).  Pursing  and  Pouting* 

There  remain  for  consideration  certain  combined  actions  of  the  lips  and  orifice  of  the 

* 1  Phil.  Trans.,'  B,  1890,  p.  136. 
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mouth  which  are  easily  recognized  under  the  quasi-popular  expressions  of  pursing 
and  pouting,  but  which  cannot  be  described  sufficiently  accurately  except  by  long 
periphrasis.  To  avoid  this  we  employ  the  former  expressions  under  the  following 
meanings. 

Pursing. — By  this  term,  as  we  have  already  described  in  our  paper  on  the  motor 
cortex  of  the  Orang,*  we  mean  the  drawing  together  of  the  lips,  together  with  slight 
protrusion,  both  parts  of  the  orbicularis  being  contracted,  whilst  in  Pouting  the  lips 
are  strongly  protruded,  and  at  the  same  time  they  are  much  everted. 
We  may  subdivide  this  subject  in  the  following  manner  : — 

(a.)  Pursing  of  the  opposite  side  of  the  mouth. 

(b.)  Pursing  of  both  sides  of  the  mouth  (bilateral). 

(c.)  Pouting  of  the  opposite  side  of  the  mouth. 

(d.)  Pouting  of  the  same  side  of  the  mouth. 

(e.)  Pouting  of  both  sides  of  the  mouth. 

(a.)  Pursing  of  the  opposite  side  of  the  mouth  was  only  observed  once  at  the 
squares  Ec,  Ec£,  Ee,  lg. 

(b.)  Pursing  of  both  sides  of  the  mouth  occurred  at — 


2. 

1. 

% 

Eh 

Eh 

W 

Fa 

Fe 

Ek 

He 

Bf 

F/ 

Ge 

H<7 

(c.)  Pouting  of  the  opposite  side  occurred  at — 


3. 

2. 

1. 

m  i>j 

Ee 

Ec  Ed 

(d.)  Pouting  of  the  same  side  of  the  mouth  occurred  only  once  at  Dk 
(e.)  Pouting  of  both  sides  of  the  mouth  was  seen  at — 


3. 

2. 

1. 

Eh 

Be  E/ 
Ce  Ef 
Dt  Gg 

A.d      Bf      Ch      Ee  Gh 
Bb       Cb       Eg  Eg 
Bd       Cc      Eh  Gf 

*  '  Phil.  Trans.,'  B,  18'JO,  p.  13G. 
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(5.)  Movements  of  the  Clieek. 

In  close  relation  with  the  movements  of  the  angle  of  the  mouth  are  those  of  the 
cheek,  which  may  be  divided  into  the  two  following  groups  : — 

(a.)  Flattening  of  the  cheek  on  the  same  side. 
(b.)  Flattening  of  both  cheeks. 

(a.)  Flattening  of  the  Cheeh  on  the  Same  Side  (fig.  8). — This  movement  was  found  at 
the  following  squares  : — 


4. 

3. 

2. 

m 

B<7 

Bd  Ed 

Gf 

B/ 

m 

D/  Gg 

Gh 

w 

Eg 

And  it  was  seen  to  be  almost  invariably  associated  with  a  special  movement  of  the 
tongue,  viz. :  rolling  over  of  the  dorsum  to  the  cheek  of  the  same  side  (p.  55),  so  that 
the  cheek  moved  to  meet  the  dorsum  of  the  tongue,  and  would  thus  force,  and  keep 
the  bolus  of  food  between  the  molar  teeth. 

It  is  interesting  to  note  that  this  movement  occurred  as  a  unilateral  action  and  only 
on  the  same  side  as  that  of  the  cortex  stimulated. 

(b.)  Bilateral  flattening  of  the  cheeks  occurred  only  as  a  single  instance  at  EA. 
It  is,  therefore,  very  exceptional. 

(6.)  Movements  of  the  Chin. 

The  movements  of  the  chin  are  the  last  we  have  to  note,  of  those  observed  in  the 
lower  face. 

They  may  be  considered  under  the  heads  of — 

(a.)  Elevation  of  the  chin  on  the  opposite  side. 
(6.)  Elevation  of  the  chin  on  the  same  side, 
(c.)  Bilateral  elevation  of  the  chin. 

(a.)  Elevation  of  the  Chin  on  the  Opposite  Side. — This  is  by  far  the  commonest 
movement  of  the  chin  met  with,  and  is  probably  caused  by  the  levator  menti  muscle. 
It  occurred  at — 


2. 

1. 

m 

Ej 
Ek 

Ch       Dg       T)k  Eh 
Ci       J)h       Ei  Ek 
Cj       Dj  EZ 
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(b.)  Elevation  of  the  Chin  on  the  Same  Side. — This  was  very  rare  and  occurred  as  a 
single  observation  at  E#. 

(c.)  Bilateral  Elevation  of  the  Cliin.— This  occurred  only  once  at  squares  Ch,  E/i. 

B.  Movements  of  the  Tongue  (Plate  9,  fig.  9). 

The  question  of  the  manner  in  which  the  various  movements  of  the  tongue  should 
be  grouped  was  alluded  to  in  the  consideration  of  bilateral  representation  on  p.  44. 
We  have  decided  to  divide  the  movements  of  the  tongue  into — 

1.  Movements  bilaterally  represented. 

2.  Movements  not  bilaterally  represented. 

They  may  therefore  be  arranged  in  the  following  order  : — 

1.  Movementa  bilaterally  represented. 

(1.)  Tongue  protruded  straight. 
(2.)  Tongue  retracted  straight. 

2.  Movements  not  bilaterally  represented. 

(1.)  Tongue  protruded,  tip  to  the  opposite  side. 
(2.)  Tongue  protruded  to  the  same  side. 
(3.)  Tongue  retracted  on  the  same  side. 

(4.)  Tongue  rolled  over  with  the  dorsum  to  the  cheek  of  the  same  side. 

1.  Movements  Bilaterally  Represented. 

(l.)  Tongue  Protruded  Straight  (Plate  9,  fig.  10). — This  simple  bilaterally  repre- 
sented movement,  i.e..  which  can  be  evoked  equally  well  from  the  cortex  of  either 
hemisphere,  was  found  at  the  following  squares  : — 
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5. 
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In  this  movement  the  tongue  is  protruded  quite  flatly  and  without  any  deviation 
of  the  tip  to  one  side,  and  without  any  heaping  up  posteriorly. 
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(2.)  Tongue  Retracted  Straight. — This  was  less  widely  represented  than  the  former, 
and  was  found  at — 


3. 

2. 

1. 

Bh 

Bg 
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Be 

Gh 
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Ch 

Bh 

Cj 

Vj 

2.  Movements  not  Bilaterally  Represented. 

(1.)  Tongue  Protruded  ivith  the  Tip  to  the  Opposite  Side  (fig.  11). — This  is  the  move- 
ment upon  which  so  much  stress  has  been  laid  in  clinical  observation,  and  the  real 
nature  of  which  will  further  on  be  more  minutely  discussed.  It  was  found  to  be 
represented  at  squares — 


4. 

3. 

2. 

1. 

W 
Eg 

Bi 
Ci 

Di 

Ei 

Ai     Ck     Bk     Ek  Gg 
Be      Be     Ee     Ei  Gh 
Bg     Bg     Eh     Eg  He 
Cf      Bi     Ej      Ge  Hh 
Cj 

B6     Cg     Ec      Ef     Gj  Ih 
Be     Ch     Ed     Eh     Bf  Je 
Bd     Bd     El     Ej     le  Jf 
Bh     Bh     Ed     Gd     1/  3g 
Ce      BI     Ee      Gf  Ig 

(2.)  Tongue  Protruded  ivith  the  Tip  to  the  Same  Side. — This  movement,  in  marked 
contrast  to  the  former  one,  was  obtained  three  times  at  only  one  square,  Af 

(3.)  Tongue  Retracted  on  the  Same  Side. — This  movement,  which  is  very  slightly 
represented,  was  found  once  at  Gg. 

(4.)  Tongue  Rolled  over  so  that  the  Dorsum  comes  into  contact  with  the  Cheek  of  the 
Same  Side  (fig.  12,  cf.  fig.  8). — This  movement  is  one  in  which  there  is  no  protrusion 
of  the  organ,  but  in  which  it  is  so  rotated  on  its  longitudinal  axis  that  the  dorsum  of 
the  tongue  is  closely  applied  to  the  mucous  membrane  of  the  cheek  of  the  same  side 
as  that  of  the  cortex  stimulated.  As  previously  stated,  the  cheek  of  the  same  side 
is  flattened  to  meet  the  convexity  of  the  approaching  tongue.    It  occurred  at — 
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Consideration  of  the  foregoing  Facts  with  especial  Reference  to  Movements  of  the 
Individual  Halves  of  the  Tongue  after  Separation  along  the  Median  Plane. 

We  have  already  described  the  movements  of  the  tongue  as  a  whole,  and  we  have 
alluded  to  the  questions  of  unilaterality  and  bilaterality  of  movement  of  this  organ. 
A  new  and  unexpected  light  was  thrown  on  this  subject  by  the  following  attempt  to 
differentiate  the  complex  movements  of  the  entire  tongue,  and  to  determine  what 
share  is  taken  by  each  half  in  the  production  of  any  given  action. 

It  occurred  to  us  that  much  might  be  learnt  by  regarding  the  tongue,  at  least  for 
the  longitudinal  muscles,  as  constructed  of  two  similar  halves ;  further,  that  these 
might  be  separated  from  each  other  by  a  vertical  incision  in  the  middle  line,  and  this 
without  injury  to  the  nerve  supply  of  each  half. 

Of  course  we  recognize  that  this  procedure  involves  the  median*  division  of  the 
septal  origin  of  the  transverse  muscular  fibres  and  also  the  division  of  any  hypo- 
thetical nerve  fibres  crossing  the  raphe,  but  this  does  not  invalidate  the  results  we 
obtained,  and  which  show  most  definitely  that  the  movements  of  both  halves  of  the 
tongue  axe  represented  in  the  hemisphere  of  each  side  respectively.  For  illustration 
of  our  meaning,  and  for  the  better  comprehension  of  the  facts  about  to  be  related,  we 
may  compare  the  question  of  this  bilateral  representation  of  the  movements  of  the 
respective  halves  of  the  tongue  with  those  of  the  conjugate  movements  of  the 
eyes,  and  it  will  be  seen  presently  that  the  common,  and  in  hemiplegia  previously 
supposed  unilateral,  movement  of  the  tongue  is  really  a  conjugate  movement. 

The  operation  of  separation  was  performed  by  dividing  the  tongue  along  the 
median  plane  from  the  hyoid  bone  and  root  of  the  epiglottis  forward  to  the  genial 
tubercles.  As  a  rule  there  was  exceedingly  little  haemorrhage,  and  this  was  easily 
arrested  by  pressure.  The  reflex  movements  of  the  tongue  were  as  complete  as 
before,  showing  that  the  functions  of  the  organ  were  not  interfered  with. 

We  will  now  take  the  movements  of  the  tongue  as  a  whole  (see  p.  54),  and  discuss 
in  the  light  obtained  by  this  method  how  far  the  change  of  form  of  the  whole  organ 
is  dependent  on  each  of  the  halves  respectively ;  we  will  therefore  take  the 
movements  in  the  same  order  in  which  they  have  just  been  considered. 

Movements  Bilaterally  Represented. 

(1.)  and  (2.)  Advancing  and  Retraction  of  the  Tongue. — We  observed  that  in  these 
movements  executed  symmetrically  forwards  or  backwards,  each  half  of  the  tongue 
performed  exactly  the  same  evolution,  and  in  no  case  could  preponderance  of  action 
be  shown  to  take  place  on  either  side.  It  follows  therefore  that  these  movements  are 
truly  bilaterally  represented. 

*  Practically  the  line  of  separation  frequently  passed  closo  to  the  side  of  the  septum,  this,  of  course, 
not  interfering  with  the  power  of  the  transverse  fibres  to  contract,  and  so  narrow  the  half  of  the  tongue. 
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Movements  not  Bilaterally  Represented. 

(1.)  Protrusion  of  the  Tongue  to  the  opposite  side. — From  the  time  of  Abercrombie* 
it  has  been  noticed  in  clinical  medicine  that  in  hemiplegia  the  tongue  was  protruded 
towards  the  paralyzed  side,  i.e.,  opposite  to  the  lesion,  and  this  was  assumed  to  be 
due  to  the  genio-hyo-glossus  muscle  of  the  healthy  side  (i.e.,  the  same  as  the  lesion) 
pressing  the  tongue  towards  the  paralyzed  side,  i.e.,  away  from  the  lesion. 

In  Carpenter's  Physiology  t  it  is  stated  that  the  deviation  is  duetto  the  want  of 
action  of  the  lingual  muscles  of  the  paralyzed  side,  the  tip  being  directed  by  the 
muscles  of  the  other  (i.e.,  healthy)  side,  "  which  will  not  act  in  a  straight  direction 
when  not  antagonized  by  their  fellows." 

In  short,  it  is  evident  that  a  general  belief  exists  to  the  effect  that  if  one  side  of 
the  tongue  is  being  actively  protruded,  the  other  half  remaining  passive  the  resulting 
position  of  the  tongue  is  a  deviation  towards  the  paralyzed  side  owing  to  the  passive 
flaccid  condition  of  the  non-acting  muscles.  The  first  point  which  we  think  requires 
to  be  definitely  ascertained  in  treating  this  subject  is  the  determination  as  to  whether 
excitation  of  one  hypo-glossal  nerve  produces  any  movement  of  the  tongue  across  the 
median  plane,  as  is  evidently  generally  supposed.  We  ourselves  having  foreseen  the 
complex  problems  involved  in  the  movements  of  this  part  especially  re-investigated, 
by  excitation  experiments  at  the  base  of  the  skull,  the  functions  of  several  cranial 
nerves  separated  from  the  medulla.  We  found  ('Roy.  Soc.  Proc.,'  vol.  44,  June  7, 
1888)  that  excitation  of  the  hypo-glossal  nerve  of  one  side  produced  in  the  whole 
tongue  "  flattening  posteriorly  on  the  same  side  and  the  tip  protruded  also  on 
the  same  side."  The  purely  unilateral  character  of  the  movement  was  further 
established  by  experiments  in  which  the  tongue  was  divided  longitudinally  to  the 
hyoid  bone  when  the  movements  were  seen  to  be  entirely  confined  to  the  side 
stimulated. 

It  will  therefore  be  seen  that  stimulation  of  the  hypo-glossal  nerve  of  one  side  does 
not  protrude  the  tongue  towards  the  opposite  side. 

We  will  now  proceed  to  describe  what  happens  to  the  individual  parts  of  the 
tongue  when  in  the  left  cortex  the  squai'es  for  the  representation  of  protrusion  of  the 
tongue  to  the  opposite  side  are  excited.  Instead  of  the  right  half  of  the  tongue 
remaining  passive  as  has  always  been  presupposed  by  anatomists  and  clinicians, 
we  discovered  that  when  the  left  cortex  was  stimulated  the  following  remarkable 
conjugate  movement  occurred  : — the  left  half  of  the  tongue  was  advanced  beyond  the 
teeth,  whereas  the  right  half  was  actively  retracted  into  the  mouth.  It  is  perfectly 
obvious  therefore,  that  this  movement  of  protrusion  of  the  tongue  to  the  opposite 

*  '  Pathological  and  Practical  Researches  on  Diseases  of  the  Brain  and  Spinal  Cord,'  Edinburgh,  1834, 
p.  271. 

t  Carpenter's  '  Physiology '  edited  by  Power,  7th  edition,  1869.    Compare  also  Ross' .'  Treatise  on 
Diseases  of  the  Nervous  System,'  1883,  and  Gower's  '  Diseases  of  the  Nervous  System,'  1888. 
MDCCCXCIV. — B.  I 
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side  from  stimulation  of  the  cortex  is  exactly  comparable  to  the  conjugate  movement 
of  the  eyes  to  the  opposite  side  when  the  same  hemisphere  is  excited.  In  this  way 
the  right  half  of  the  tongue  would  correspond  to  the  right  external  rectus,  and  the 
left  half  of  the  tongue  to  the  left  internal  rectus.  In  each  case  we  have  the  combination 
of  two  opposite  movements  for  the  production  of  one  resultant  action.  The  opposite 
character  of  the  movements  of  the  two  halves  of  the  tongue  was  emphasized  in  a 
very  remarkable  degree  when  there  was  epileptic  disturbance  of  the  cortical  focus  in 
question.  In  fefae  clonic  spasm  of  the  epileptic  fit  the  two  halves  performed  remark- 
able "  see-saw  "  contractions,  that  of  the  same  side  being  shot  forwards  at  the  same 
time  as  the  opposite  half  was  retracted.  On  several  occasions  we  observed  that 
retraction  of  the  opposite  side  not  only  began  before  the  protrusion  of  the  same  side, 
but  actually  in  a  few  instances  it  occurred  alone,  thus  showing  that  it  is  probably  the 
more  important  movement  of  the  two.  We  are  now  in  a  position  to  examine  into 
the  condition  of  the  tongue  as  observed  in  hemiplegia.  Unfortunately  the  clinical 
examination  of  the  tongue  has  hitherto  not  been  conducted  so  thoroughly  as  its 
importance  warrants ;  and  in  fact,  clinical  observation  is  usually  limited  to  noticing 
whether  the  tongue  is  deviated  to  one  side  when  protruded,  without  further 
exploration  of  other  movements.  This  is  doubtless  due  to  the  fact  that  the  move- 
ments of  the  tongue  generally  have  hitherto  not  been  completely  ascertained. 
Although  this  makes  the  task  of  explanation  very  difficult  and  for  the  present 
impossible,  we  take  leave  to  point  out  that  the  accepted  views  are  plainly  contrary  to 
fact  and  will  have  to  be  altered. 

(2.)  Rolling  over  with  the  Dorsum  directed  towards  the  Chech  of  the  Same  Side. — 
This  movement  we  found  to  be  distinctly  compound  in  character,  both  separated  halves 
of  the  tongue  rolling  to  the  same  side.  In  the  execution  of  this  movement  the 
mucous  membrane  of  each  half  of  the  tongue  was  turned  so  as  to  be  directed  towards 
the  left  cheek,  as  a  result  the  cut  surfaces  glided  upon  each  other  so  that  the  two 
halves  were  arranged  en  echelon  in  place  of  being  in  line  ;  the  cut  surface  of  the 
same  side  being  directed  upwards  and  that  of  the  opposite  side  downwards. 

Each  half  of  the  tongue  therefore  executes  a  rotation  around  its  longitudinal  axis. 

Vertical  Arrangement  of  the  Representation  of  the  Movements  of  the  Tongue. 

Reference  to  the  diagrams  (Plate  9,  fig.  9,  &c.)  will  show  that  a  very  definite  diffe- 
rentiation of  the  representation  of  the  tongue  movements  can  be  made  as  follows.  In 
the  upper  part  of  the  area,  i.e.,  just  below  a  line  drawn  between  the  upper  end  of  the 
prsecentral  vertical  stem  and  the  genu  of  the  fissure  of  "Rolando,  the  action  of 
protrusion  of  the  tongue  with  the  tip  directed  to  the  opposite  side  is  elicited  on 
excitation.  On  the  contrary,  the  movement  of  retraction  is  represented  at  the  lowest 
portion  of  the  area,  i.e.,  around  the  lower  end  of  the  fissure  of  Rolando.  Inter- 
mediately, i.e.,  opposite  the  upper  end  of  the  sulcus  transversus  frontalis  inferior 
(see  p.  42)  we  find  the  movement  of  rotation  of  the  tongue  towards  the  same  side. 
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C.  Movements  of  the  Lower  Jaw. 

The  movements  of  the  lower  jaw  may  be  divided  into  : — 

1.  Single  movements. 

(1.)  Opening  the  mouth  straight. 

(2.)  Opening  of  the  mouth  with  the  lower  jaw  directed  towards  the  same  side. 
(3  J  Opening  of  the  mouth  with  the  lower  jaw  directed  towai-ds  the  opposite  side. 
(4.)  Shutting  the  mouth. 

2.  Rhythmical. 

(1.)  Mastication. 

1.  Single  Movements. 

By  the  term  "  opening  the  mouth  "  we  understand  that  the  lower  jaw  is  depressed. 
This  movement  we  have  observed  to  occur  without  necessarily  separating  the  lips, 
which  additional  passive  action,  however,  nearly  always  happens  concurrently.  We 
therefore  consider  these  two  cases. 

We  look  upon  the  movement  as  being  accomplished  by  the  muscles  of  both  sides, 
but  we  have  no  evidence  to  show  whether  they  act  concurrently  and  whether  the 
movement,  if  it  does  not  deviate  from  the  middle  line,  is  capable  of  being  produced 
by  the  muscles  of  one  side  only.  It  is  known  that  if  one  external  pterygoid  muscle 
act  alone,  the  jaw  on  being  depressed  is  carried  towards  the  opposite  side,  and 
we  therefore  assume  that  this  occurs  when  the  jaw  deviates  towards  one  side  or  the 
other. 

(1.)  Opening  the  Mouth  Straight  (fig.  13). — In  this  movement  the  jaw  is  depressed 
exactly  straight  along  the  line  between  the  two  central  incisors.     It  was  found  at — 
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(2.)  Opening  the  Mouth  with  the  Loiver  Jaw  Carried  to  the  Same  Side  (tig.  14). — 
In  this  movement,  with  stimulation  of  the  left  hemisphere,  the  lower  jaw  as  it 
descended  moved  markedly  towards  the  left  side ;  this  we  take  to  be  due  to  the  fact 
that  either  the  right  pterygoid  muscle  alone  was  in  action,  or  that  it  overpowered 
that  of  the  left  side.  While  as  just  seen  the  commonest  movement  of  depressing  the 
lower  jaw  in  opening  the  mouth  is  the  bilateral  or  straight  movement,  where  any 
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deviation  was  noticed,  it  was  this  one  of  the  lower  jaw  passing  to  the  same  side  as 
that  of  the  cortex  excited.  This  might  have  been  anticipated  from  what  has  been 
stated,  as  it  is  obviously  an  instance  of  the  ordinary  crossed  effect  of  stimulation. 
This  movement  occurred  at — 
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(3.)  Opening  of  the  Mouth  with  the  Lower  Jaw  carried  to  the  Opposite  Side. — This, 
which  is  the  converse  of  that  described,  and  was  very  rarely  observed,  is  conceivably 
due  to  the  action  of  the  external  pterygoid  muscle  of  the  same  side,  and  was  obtained 
only  once  at  two  squares,  Ad,  Ae. 

On  lookiug  at  the  previous  Table  it  will  be  seen  that  the  movement  of  the  jaw 
towards  the  same  side  was  also  obtained  twice  at  Ae  and  once  at  Ad,  thus  showing 
that  there  are  squares  where  the  differentiation  of  the  movement  of  the  lower  jaw 
towards  the  opposite  side  was  incomplete,  its  production  being  due,  therefore,  more 
or  less  to  an  accidental  causation. 

(4.)  Shutting  of  the  Mouth. — This  well  recognized  movement  of  closing  the  mouth 
was,  to  our  surprise,  obtained  at  only  one  square,  viz.,  DA.  By  this  movement  we 
mean  simply  raising  up  the  depressed  lower  jaw,  without  any  further  action,  and  the 
very  small  representation  of  this  deliberate  act  is  in  marked  contrast  to  that  of  the 
rhythmical  movements  to  be  next  described. 

2.  Rhythmical  Movements. 

(1)  Movements  of  Mastication  (fig.  15). — By  the  term  "mastication"  we  mean 
that  on  the  application  of  the  electrodes  to  the  cortex,  the  lower  jaw  begins  to  execute 
a  series  of  rhythmical  movements  of  grinding  of  the  teeth.  To  describe  the  move- 
ment in  detail: — the  mouth  is  opened,  the  lower  jaw  depressed  and  carried  towards 
the  same  side,  and  then  the  mouth  is  closed  by  raising  the  lower  jaw ;  directly  the 
teeth  are  separated  the  tongue  is  advanced,  and  it  is  retracted  immediately  before  the 
teeth  come  together  again ;  this  latter  movement  of  the  tongue  is  thus  dependent  on 
and  coincident  with  the  action  of  the  lower  jaw.  This  complex  act  of  mastication 
begins  immediately  the  electrodes  are  applied,  and  continues  until  the  electrodes  are 
removed,  when  it  ceases.  The  movement  is  what  would  generally  be  termed  that  of 
mastication  of  a  very  pronounced  type,  and  as  such  it  differs  somewhat  from  the 
description  given  by  Professor  Ferrier,  in  that  he  does  not  seem  to  have  observed 
the  grinding  movements  of  the  lower  jaw.    The  most  important  point  concerning  it  is 
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that  it  is  an  instance  of  rhythmical  discharge  of  the  cortex  evoked  by  a  constant 
stimulus,  and  lasts  only  during  the  duration  of  the  excitation.  So  far  as  we  know,  it 
is  the  only  truly  rhythmical  action  following  on  stimulation  of  the  cortex.* 

With  a  view  to  seeing  what  this  rhythmical  rate  might  be  we  observed  the  time  of 
it  in  seventeen  cases,  and  found  it  to  be  on  an  average  1'35  movements  per  second, 
the  most  rapid  rate  observed  being  nine  times  in  five  seconds,  and  the  slowest  being 
one  in  one  second,  and  each  of  these  extreme  cases  was  noted  three  times. 

This  compound  act  was  observed  at — 
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Grinding  of  the  Teeth. — On  three  occasions  the  teeth  were  observed  to  grind  during 
the  act  of  mastication,  and  in  two  of  these  the  movement  of  the  jaw  was  traced  and 
found  to  pass  from  the  opposite  side  to  the  same  side.  The  squares  where  it  was 
observed  were  Ad,  Ae,  Af. 

Movements  of  the  Pharynx. 

In  observing  these  movements,  we  kept  the  mouth  forcibly  opened,  and  recorded, 
as  far  as  possible,  the  movement  of,  1,  the  soft  palate ;  and  2,  that  of  swallowing. 

1.  Movements  of  the  Soft  Palate  (fig.  16). 
We  may  arrange  the  movements  of  the  soft  palate  as  follows  : — : 
(1.)  Elevation  of  the  soft  palate  on  the  opposite  side. 
(2.)  Bilateral  elevation  of  the  soft  palate. 

(3.)  Bilateral  elevation  of  the  soft  palate,  commencing  with  elevation  of  the  opposite 
side,  followed  later  by  that  of  the  same  side. 

(1.)  Elevation  of  the  S:>ft  Palate  on  the  Opposite  Side.— This  movement  of  the  soft 
palate,  when  viewed  in  the  manner  described,  is  quite  unmistakable  when  it  occurs ; 
but  it  has  to  be  carefully  distinguished  from  the  irregular  movements  of  the  arches  of 
the  fauces,  when  these  are  drawn  forward  by  the  tongue  and  by  the  movements  of 
this  organ  itself.  The  movement  was  only  observed  once,  at  Bd ;  and  at  the  same 
*  Comparo  as  an  imperfect  rhythm  tho  act  of  blinking,  see  p.  47. 


62 


DR.  C.  E.  BEE VOR  AND  PROFESSOR  V.  HORSLEY  ON  THE 


place  slight  opening  of  the  mouth  and  protrusion  of  the  tongue  to  the  opposite  side 
were  noted. 

(2.)  Bilateral  Elevation  of  the  Soft  Palate. — This  movement,  which  is  the  commonly 
understood  effect — viz.,  the  raising  of  the  whole  soft  palate — was  seen  only  four  times, 
viz.,  once  at  squares  Ad,  Ae,  Bd,  Cd.  Of  these  at  Ac?,  Bd,  Cd,  this  was  the  only 
movement  obtained  ;  while  at  Ae  there  was  also  the  movement  of  mastication. 

The  foregoing  refers  to  experiments  in  which  the  observation  of  the  soft  palate  was 
made  at  the  end  of  the  exploration.  It  occurred  to  us  that  possibly  the  paucity  of 
these  results  was  due  to  exhaustion  of  the  cortex.  We  therefore  devoted  two  experi- 
ments to  examine  this  point  first,  with  the  effect  that  we  obtained  very  definite 
localisation  of  the  palate  movements. 

(1.)  Elevation  of  the  Soft  Palate  on  the  opposite  side. 
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(2.)  Bilateral  Elevation  of  the  Soft  Palate. 
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(3.)  Bilateral  Elevation  commencing  with  elevation  of  the  opposite  side,  followed 
later  by  that  of  the  same  side. 
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These  further  observations  showed  clearly  the  real  degree  of  representation  of  the 
palate,  and  in  addition,  what  we  did  not  anticipate,  namely,  a  considerable  degree 
of  unilateral ity  of  representation. 
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2.  Movement  of- Swallowing. 

This  movement  was  observed  once  at  four  squares,  viz. : — 

Ad,  Ce,  Cj,  Df. 

The  paucity  of  representation  is  perhaps  accounted  for  by  the  movement  of 
swallowing  in  the  Monkey  being  more  automatic  than  is  generally  considered  to 
be  the  case,  but  it  is  possible  that  the  effect  of  exposure  may  influence  the  result. 

In  relation  to  this  question,  the  recent  observations  of  Goltz,*  in  which  he 
successfully  removed  both  cerebral  hemispheres  in  the  Dog,  leaving  only  the  cere- 
bellum, pons,  bulb,  and  posterior  corpora  quadrigemina  intact  (the  anterior  partially 
so),  and  kept  the  animal  alive  for  many  months,  must  be  specially  mentioned.  The 
animal  had  to  have  milk  poured  down  its  throat  through  a  tube,  because  the  act  of 
swallowing  was  so  far  interfered  with  that  fluid  almost  always  escaped  into  the 
larynx.  In  two  months  after  the  operation,  it  would,  when  its  nose  was  touched 
with  a  piece  of  meat,  seize  it,  masticate  it,  and  swallow  it  without  any  assistance. 
There  seems,  therefore,  on  the  whole,  to  be  no  real  reason  why  in  the  Monkey  the 
cortical  representation  of  swallowing  should  be  more  extensive  than  such  as  we  find 
it  to  be. 

II.  Movements  otherwise  than  Orifacial. 

In  exciting  the  area  under  examination,  since  we  were  devoting  ourselves  especially 
to  the  orifacial  movements,  we  only  noted  the  concurrence  of  movements  of  other 
parts  of  the  body  when  those  appeared  to  us  anomalous,  and  in  order  to  satisfy 
ourselves  of  the  extent  of  such  extra  movements,  and  to  control  the  observations 
which  we  made  in  1886,  and  also  to  ascertain  to  what  extent  the  orifacial  area 
overlapped  the  neighbouring  areas. 

The  movements  thus  noted  comprised  those  of  the  head  and  of  the  upper  limb. 

A.  Movements  of  the  Head. 

Since  the  region  which  we  have  explored  in  the  present  research  is  in  direct 
continuity  with  the  supramarginal  gyrus,  and  this  with  the  anterior  limit  of  the 
angular  gyrus,  it  was  to  be  anticipated  that  we  should  observe  movements  of  the 
head  and  eyes  to  the  opposite  side,  inasmuch  as  Ferrier,  Schafer,  and  others, 
observed  these  movements  to  occur  from  excitation  of  this  region.  The  movements  of 
the  head  which  we  noticed  were  (1)  the  turning  of  the  head  to  the  opposite  side, 
and  (2)  retraction  of  the  head. 

*  '  Archiv  fur  d.  Oosammto  Physiologic  '  (Pfluqer),  vol.  51,  p.  570,  1892. 
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(1.)  Turning  of  the  Head  to  the  Opposite  Side.— This  movement,  where  the  head  is 
turned  away  from  the  side  of  the  cortex  stimulated,  was  found  at  the  following 
squares  : — 


4. 

3. 

2. 

1. 

DZ 
Bm 

CZ 

Ey  Gh 
Eh  If 
¥1 
Fm 

Bj       Eh      Gl  3/ 
Clc       Em      Hm  J/t 
D?       Ft  Ie 

Iff 
Ik 

The  representation  of  this  act  is,  therefore,  round  the  fringe  of  the  orifacial 
representation,  especially  at  the  posterior  part  near  to  the  supramarginal  gyrus,  and 
also  at  the  upper  part  of  the  region  where  it  borders  on  the  area  representative  of 
this  movement  in  front  of  the  preecentral  sulcus. 

(2.)  Retraction  of  the  Head.— Similarly  the  rarer  movement  of  retraction  of  the 
head  was  noted  to  occur  once  at  each  of  the  following  squares  : — Gj,  Ck,  DA,  ~Di, 
E;,  Yh,  Yi,  Fk,  Ig. 

B.  Movements  of  the  Upper  Limbs. 

Although  we  noted  the  various  movements  of  the  segments  of  the  upper  limb  we 
did  not  record  the  occurrence  of  the  same  in  the  present  work  with  detail,  but  we 
have  made  a  considerable  series  of  observations  to  re-investigate  the  question  of  over- 
lapping, and  the  extent  of  border  centres,  and  recorded  also  certain  anomalies  of 
representation.  In  the  present  instance  we  have  specially  noted  the  lowest  points  at 
which  movements  of  the  upper  limb  could  be  elicited.  These  when  arranged  give  the 
following  results,  commencing  with  the  thumb  and  fingers,  which  according  to  our 
observations,  both  in  1886  and  in  the  recent  experiments,  are  the  lowest  segments 
represented. 


Thamb  

Fingers  .... 

In  front  of  Rolando. 

Behind  Rolando,  anomalous. 

Bd       Be       E/       Eg  Gh 

Be       Bd       Be       E/       Eg  Gh 

Hi'      Ci  Gh 

Gj       Eh       Bl  Bm 

In  contrast  to  these  segments  we  give  the  lower  limits  of  the  representation  of  the 
elbow  and  shoulder,  as  found  in  the  present  experiments. 
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Shoulder  .... 

Tn  front  of  Rolando. 

Iioliind  Rolando,  anomalous. 

Ed 
1/  14 

Ei        Ej       Ek  El 
Ck       CI  Em 

These  lower  borders  of  the  upper  limb  area  of  representation  correspond  absolutely 
closely  to  the  levels  given  in  the  paper  in  '  Philosophical  Transactions,'  1887. 

In  addition,  however,  we  observed,  to  our  surprise,  that  we  occasionally  obtained 
from  the  cortex  of  the  foot  of  the  ascending  parietal  gyrus  movements  of  the  upper 
limb,  and  not  merely  of  the  lowest  segments,  but  also  of  the  shoulder.  Of  fifteen 
experiments  we  noted  at  Ck  that  the  thumb  was  flexed  twice,  the  fingers  flexed 
twice  in  the  interosseal  position,  and  the  shoulder  adducted  once  at  CI.  The  great 
rarity  of  this  representation  of  the  shoulder  so  low  down  on  the  outer  or  convex 
surface  of  the  hemisphere,  shows  that  it  is  quite  exceptional,  and  no  explanation  of 
its  occurrence  in  the  evolution  of  the  function  of  this  part  presents  itself  to  us. 
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MARCHES. 

Under  this  heading  we  wish  to  describe,  in  the  meaning  of  the  word  as  originally 
used  by  Dr.  Hughlings  Jackson,  such  sequences  by  movements  as  we  occasionally 
observed  to  take  place. 

At  the  outset  we  would  state  that  a  great  difference  characterises  the  area  of 
representation  for  the  face  as  contrasted  with  that  for  the  limbs.  Whereas  it  was 
possible  in  the  case  of  the  limbs  to  make  out  a  definite  march  for  individual  parts  of 
the  cortex,  we  have  not  been  able  to  find  sufficient  examples  of  such  similarity  as  to 
justify  us  in  attributing  a  definite  march  to  the  different  parts  of  the  area  of  repre- 
sentation for  the  face,  but  although  this  exact  localisation  is  not  possible  the  repre- 
sentation of  the  primary  movement,  as  given  in  the  accompanying  list,  is  such  as  we 
have  already  described  in  each  case. 

We  have  therefore  simply  appended  a  list  of  the  sequences  of  movements  or  marches 
arranged  in  the  order  in  which  they  most  frequently  occurred. 
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Table  II 

Marches. 

Number  of 
squares  at  which 
observed. 

Primary 
Secondary  . 

Mastication  movements,  tongue  protruded    .    .  .J 

7 

Primary     .    .  . 
Secondary  . 
Tertiary     .    .  . 

5 

Primary     .  . 
Secondary  .    .  . 

Tongue  protruded,  tip  to  opposite  side   J 

5 

Primary     .    .  . 
Secondary  . 

Mouth  opens,  tongue  tip  to  opposite  side  .    .    .    .  / 

4 

Primary 

Secondary  .    .  . 

Mouth  retracted  to  opposite  side,  opposite  lower  lip 

4 

Primary 
Secondary  . 

Tongue  protruded,  tip  to  opposite  side    ....  J 

3 

Primary     .    .  . 
Secondary  . 

Masticatory  movements,  tongue  protruded  to  op-  ? 

o 
O 

Primary     .    .  . 
Secondary  .  . 
Tertiary 

Q 
O 

Primary     .    .  . 
Secondary  . 
Tertiary 

Primary 
Secondary  . 
Tertiary     .  . 

Angle  of  mouth  retracted  on  same  side    .    .    •    •  1 
Mouth  opens  with  retraction  of  opposite  angle  .    .  r 

2 

Primary 

secondary  .    .  . 
Tertiary     .    .  . 

° 

o 
a 

Primary 

Secondary  .    .  . 

Tongue  retracted  concave  to  opposite  side,  dorsum  / 

2 

Primary 

Secondary  .    .  . 
Tertiary 

I  r  o 

2 

Primary 

Secondary  .    .  . 
Tertiary     .    .  . 

Pouting  and  pursing,  especially  of  opposite  side    .  1 
Opposite  lower  lip  everted  and  depressed     .    .    .  r 

2 

Primary     .    .  . 
Secondary  .    .  . 

1 

Primary     .    .  . 
Secondary  .    .  . 
Tertiary     .    .  . 

1 

Primary     .    .  . 
Secondary  .  . 

Closed  mouth  drawn  to  opposite  Bido  i 

1 

Primary  ... 
Secondary  .    .  . 

Opposite  eyelids  closed,  opposite  side  of  mouth  1 

1 

•J 

3» 


CP 


-o 


3 


C-J 

m 
en 


-cj 
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VIII.  An  Experimental  Investigation  of  the  Central  Motor  Innervation  of  the  Larynx. 

By  Felix  Semon,  M.D.,  F.R.C.P.,  and  Victor  Horsley,  B.S.,  F.R.S. 
[From  the  Laboratory  of  the  Brown  Institution.) 

Received  June  17, — Read  June  19,  1890. 

[Plates  31,  32.] 

Part  I. — Excitation-experiments. 
a.  Introduction. 

In  the  course  of  observations  dealing  with  the  physiology  of  the  motor  innervation  of 
the  larynx,  the  results  of  which  were  embodied  in  a  paper  recently  presented  by  one 
of  us  (F.  S.)  to  the  Royal  Society,*  it  was  shown  that  the  central  innervation  of  the 
larynx  played  a  much  more  important  rdle  in  the  function  of  respiration  than  had 
previously  been  accorded  to  it.  More  especially  it  was  shown  that  certain  nerve- 
centres  were  constantly  at  work  in  maintaining  a  reflex-tonus  of  the  abductor  muscles 
(posterior  crico-arytsenoids)  indispensable  for  the  mechanism  of  quiet  respiration  in 
Man. 

In  1880,  1881  and  1883t  it  had  been  shown  by  one  of  us  (F.  S.)  that  these  same 
muscles  (the  abductors)  were  more  liable  to  degenerative  changes  in  cases  of  organic 
disease  of  the  motor  nerves  of  the  larynx  from  the  medulla  oblongata  downwards,  and  at 
the  same  time  that  functional  disorders  of  the  laryngeal  motor  apparatus  almost  exclu- 
sively affected  their  antagonists,  the  adductors.  The  explanation  of  all  these  different 
phenomena  presented  great  difficulties,  and,  although  light  was  thrown  upon  them  in 
very  various  and  unlooked-for  ways,  it  soon  became  evident  that  neither  clinical  and 
pathological  observations  in  Man  alone,  nor  experiments  upon  the  peripheral  nerve- 
mechanism  of  animals,  would  suffice  to  solve  all  the  questions  here  involved. 

Now,  the  fact  just  mentioned — viz.,  that  in  functional  disorders  (e.g.,  hysterical 
aphonia)  those  motor  laryngeal  nerve-fibres  only  which  subserve  the  volitionary  func- 
tion of  the  larynx  (i.e.,  phonation)  ordinarily  suffer,  whilst,  on  the  other  hand,  in 

*  "  On  the  Position  of  the  Vocal  Cords  in  Quiet  Respiration  in  Man,  and  on  the  Reflex-tonus  of  their 
Abdnctor  Muscles."    '  Roy.  Soo.  Proc.,'  1890  (vol.  48,  p.  403). 

t  (o)  Foot  note  in  German  Edition  of  Mouei.l  Mackenzie's  '  Diseases  of  the  Throat  and  Nose,'  vol.  ], 
p.  574. 

(6).  '  Archives  of  Laryngology,'  July,  1881. 
(c)  'Berliner  Klinische  Wochenschrift,'  No.  46,  ct  seq.,  1883. 
MDCCCXC— B.  2  B  2  12:12.90 
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organic  disease  those  fibres  are  usually  primarily  affected  which  are  engaged  in  main- 
taining the  automatic  process  of  laryngeal  respiration — seemed  to  indicate  that  there 
must  be  a  central  differentiation  corresponding  to  these  varied  phenomena.  Hence  it 
was  that  the  idea  of  the  present  research  occurred  to  us. 

[n  planning  such  an  investigation  we  naturally  turn  first  to  the  subject  of  the 
cortical  representation  of  the  larynx— a  problem  wbich,  first  touched  upon  by  Ferrier 
and  Duret,  has  been  treated  in  detail  by  H.  Krause  at  the  instigation  of  H.  Munk, 
and  by  Masini. 

From  this  point  we  might  proceed  to  the  consideration  of  the  fibres  leading  from 
the  cortex  to  the  lower  centres  in  the  medulla,  as  they  pass  through  the  corona 
radiata  and  the  internal  capsule.  The  investigation  of  these  fibres  by  means  of  the 
excitation-method  has,  so  far  as  Ave  know,  not  been  undertaken  by  any  previous 
observer,  though  some  work  by  the  ablation  and  degeneration  method  has  been 
performed  by  Krause.  This  latter  method  and  its  results  will  be  fully  dealt  with  by 
us  in  a  subsequent  paper. 

Finally,  we  discuss  the  results  of  excitation  of  the  central  mechanism  in  the  bulb,  a 
branch  of  the  subject  which  we  commenced  four  years  ago,  and  which  also  has  not 
been  treated,  to  our  knowledge  (confirmed  by  Professor  Gad),  by  any  previous 
observer. 

Before  passing  to  a  complete  historical  retrospect  of  the  question,  and  before 
describing  the  method  of  our  own  experiments,  we  may  state  that,  since  we  have 
found  certain  important  differences  in  the  central  structural  arrangements  in  different 
species  of  animals,  and  also  in  animals  of  different  ages  belonging  to  the  same  species, 
it  is  essential  that  these  should  first  be  prominently  and  clearly  expressed,  in  order 
that  some  discrepancies  which  exist  in  the  statements  of  previous  investigators  and 
the  classification  of  our  own  results  might  be  properly  understood. 

To  the  same  category  belongs  the  question  of  the  action  of  anaesthetics  upon  the 
neuro-muscular  system,  a  question  the  importance  of  which  for  the  present  investiga- 
tion can  hardly  be  exaggerated  ;  since,  for  reasons  which  we  will  further  discuss,  the 
effect  attained  by  exciting  any  given  centre  may  be  entirely  modified  by  the  mere 
degree  of  anaesthesia  affecting  the  peripheral  mechanism  of  nerve-endings  and  muscles. 

In  a  previous  communication"*  we  have  shown  the  importance  of  the  action  of  ether 
upon  the  peripheral  nervous  system,  a  factor  which  must  be  properly  discounted  in 
considering  the  action  of  the  anaesthetic  upon  the  nervous  mechanism  as  a  whole. 

These  considerations  of  species,  age,  and  anaesthesia  will  compel  us  to  further  sub- 
divide the  great  groups  into  which  we  have  arranged  our  facts. 

In  the  following  historical  retrospect  of  the  results  obtained  by  previous  investiga- 
tors we  have  thought  it  best  (to  avoid  misconception)  to  place  each  writer  in  the 
chronological  order  of  the  appearance  of  his  publication. 

*  "  On  an  apparently  peripheral  and  differential  action  of  Ether  upon  the  laryngeal  muscles,"  'British 
Medical  Journal,'  1886. 
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b.  Historical  Retrospect. 

Although  various  authors  have  observed  the  changes  in  thoracic  respiration  following 
excitation  of  the  central  nervous  system,  but  few  have  studied  the  relationship  of  the 
latter  to  the  larynx,  either  so  far  as  respiration  or  as  phonation  is  concerned. 

As  this  relationship  is  the  immediate  subject  of  this  paper,  we  shall  confine  ourselves 
in  this  retrospect  to  a  brief  resume  of  the  results  of  those  authors  who  have  directly 
investigated,  either  experimentally  or  clinically,  the  question  here  at  issue. 

On  the  experimental  side  undoubtedly  Ferrier*  was  the  first  worker  in  the  field 
of  excitation.  In  the  first  edition  of  his  well-known  work  he  describes  an  instance  in 
which  excitation  of  a  certain  cortical  area  in  the  Dog  elicited  barking,  and  observes 
that  similar  observations  had  been  made  by  him  repeatedly. 

Shortly  afterwards  DuRET,t  of  Paris,  referred  to  the  same  subject  in  connection  with 
his  cortical  ablation  and  compression  experiments,  and  reported  similar  results. 

Although  subsequent  experimentation  has  shown  that  both  these  observers  did  not 
accurately  localise  the  focus  of  the  representation  of  phonation  in  the  cortex,  to  them, 
undoubtedly,  belongs  the  priority  of  the  idea  of  a  special  representation  of  this  function 
in  the  cortex. 

Seven  years  after  Ferrier's  reference  to  the  question  the  subject  was,  at  the 
suggestion  of  H.  Munk,  specially  studied  by  H.  Krause,J  who  was  the  first  to 
localise  accurately  the  phonatory  area  in  the  cortex  of  the  Dog's  brain.  He  made 
six  excitation-experiments  on  Dogs,  from  which  he  localised  the  movement  of  closure 
of  the  glottis  (always  bilateral  adduction)  to  be  represented  in  the  isthmus  ("  Stiel") 
of  the  prefrontal  (praecrucial)  gyrus.  To  his  ablation  and  degeneration  experiments 
we  shall  make  reference  in  a  future  communication. 

In  his  great  work  on  the  functions  of  the  brain,  FRANgois  Franck§  states  that 
excitation  of  the  "zone  motrice"  of  the  cortex  produces  changes  in  the  thoracic 
respiratory  movements  according  to  the  duration  and  intensity  of  the  excitation. 
These  changes  are  acceleration,  slowing,  and  variations  of  amplitude.  He  does  not 
consider  that  respiratory  centres  can  be  considered  to  exist  in  the  cortex  cerebri,  or 
that  there  is  any  differential  representation  of  the  larynx  or  other  parts  of  the 
respiratory  apparatus. 

In  the  epileptic  convulsion  evoked  by  cortical  excitation  he  observed  what  we  have 
confirmed  and  extended,  viz.,  that  in  the  tonic  stage  the  glottis  is  shut,  whereas  in 

*  '  Functions  of  the  Brain.' 

t  '  Traumatismes  cerebraux,'  1878,  p.  142. 

%  "  Ueber  die  Beziehungen  der  Grosshirnrinde  zu  Kohlkopf  und  Rachen,"  '  Archiv  fur  Anatomie  und 
Physiologie,  Physiol.  Abth.,'  1884.  This  was  preceded  by  a  note  under  the  same  title,  in  the  '  Sitzungs- 
berichte  der  Kgl.  Preuss.  Akademie  der  Wissenschaften  zu  Berlin,'  November,  1883. 

§  Francois  Franck,  '  Lecons  sur  les  Fonctions  Motrices  du  Cerveau,'  Paris,  1887,  pp.  146-8. 
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the  clonic  stage  the  cords  execute  movements  synchronous  with  the  twitchings  of  the 
thoracico-abdominal  respiratory  muscles. 

Masini*  made  in  1888  a  series  of  both  excitation  and  ablation  experiments  on  the 
cortex  of  Dogs.  In  the  former  he  found  in  four  cases  that  excitation  with  weak 
currents  produced  earlier  movements  of  the  opposite  vocal  cord,  followed  by  later  and 
slower  movements  of  the  cord  corresponding  to  the  side  of  stimulation.  He  is  the  only 
experimenter,  so  far  as  we  know,  who  has  obtained  such  unilateral  results.  With 
stronger  currents  he  obtained  bilateral  movements.  According  to  his  views  the 
representation  of  the  adductory  movements  of  the  vocal  cords  is  spread  over  the 
whole  motor  area,  though  focussed  in  the  centres  for  the  soft  palate  and  tongue. 

ARONSOHNt  mentions  in  a  paper,  published  in  the  same  year,  briefly,  that  in  his 
experiments  he  could  not  obtain  any  definite  reply  to  the  question  whether  the 
adductory  movements  of  the  vocal  cords  observed  by  him  were  actually  due  to  the 
stimulation  of  the  brain. 

Mott.J  in  repeating  our  observations,  corroborated  our  results. 

Two  very  important  papers  on  the  root-fibres  of  the  motor  nerves  of  the  larynx,  by 
Grossmann§  and  Grabower||  respectively,  we  only  desire  in  this  connection  to 
mention  by  title,  as  the  subject  of  their  researches  rather  refers  to  the  peripheral  part 
of  the  nervous  mechanism  of  the  larynx. 

The  above  short  list  comprises,  so  far  as  we  know,  all  experimental  contributions  to 
this  question,  in  which  the  intrinsic  laryngeal  movements  have  been  actually  observed 
or  recorded,  when  the  central  nervous  system  has  been  stimulated. 

The  clinical  evidence  concerning  the  relationship  of  the  larynx  to  the  higher  nervous 
centres  is  also  very  limited. 

That  lesions  of  the  medulla  oblongata  may  and  do  occasionally  cause  laryngeal 
paralysis,  is,  of  course,  admitted  on  all  hands.  In  such  cases  it  is,  correctly  speaking, 
rather  a  lesion  of  the  vago-accessory  nucleus  and  fibres  in  the  medulla  oblongata  than 
a  genuine  central  affection,  to  which  the  laryngeal  paralysis  must  be  attributed. 

With  regard  to  the  higher  nervous  centres,  however  (cortex  and  internal  capsule), 
matters  are  very  different. 

Although  a  certain  number  of  cases  have  been  published  (e.g.,  by  Andral, 
Gerhardt,  Friedreich,  Foville,  Duval,  Lori,  Lewin,  Livio  Ronci,  Luys,  Cartaz, 
Massei,  &c.1f),  in  which  simultaneously  with  organic  lesions  of  the  higher  centres 

*  '  Archivi  Italiani  di  Laryngologia,'  Napoli,  April,  1888,  p.  45. 

t  "  Zur  Pathologie  der  Glottiserweiterung,"  1  Deutsche  Med.  Wochenschr.,'  1888. 

X  'Brit.  Med.  Journal,'  1890. 

§  "  Ueber  die  Athembewegungen  der  motorischen  Kehlkopfnerven,  II.  Theil,"  '  Sitzungsberichte 
der  Kais.  Akad.  d.  Wissensch.  zu  Wien,'  November,  1889. 

||  "DasWurzelgebiet  der  motorischen  Kehlkopfnerven,"  'Centralblattfiir  Physiologie,'  January  4, 1890. 

T  The  literature  of  these  cases  ■will  be  found  in  Masini's,  Gabel  and  Dor's,  and  in  Rossbaoh's  papers 
hereafter  referred  to  in  the  text.  They  are  not  quoted  here  at  length,  beoauso  theso  authors  themselves 
admit  that  they  cannot  claim  to  be  of  a  decisive  character  for  tlie  question  at  issue. 
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vocal  disturbances  or  even  laryngeal  paralyses  have  been  observed,  no  conclusions 
can  be  drawn  from  them  for  the  decision  of  the  present  question,  because  all  of  them 
are  in  some  way  or  other  incomplete.  In  some  of  them  the  diagnosis  of  a  cerebral 
lesion  is  not  at  all  beyond  doubt,  in  others  multiple  lesions  existed,  in  a  third  category 
no  laryngoscopic  examination  had  been  made,  and  again  in  others  either  no  autopsy 
had  taken  place,  or  the  descriptions  of  the  latter,  when  made,  are  defective  with 
regard  to  the  condition  of  the  medulla  oblongata,  the  peripheral  parts  of  the  laryngeal 
nerves,  the  microscopic  examination  of  the  medulla,  the  nerve  fibres,  and  the  muscles 
themselves,  &c. 

In  1884  Bryson  Delavan*  called  attention  to  the  possibility  which  existed  in  his 
opinion,  viz.,  of  localising  from  clinical  observation  the  cortical  motor  centre  for  the 
larynx.  Of  the  two  cases,  however,  upon  which  he  based  his  views,  in  one  (Seguin's) 
no  laryngoscopic  examination  had  been  made,  whilst  he  himself  frankly  stated  some 
years  afterwards,t  that  in  the  second  one,  his  own,  in  which  he  had  attributed  the 
laryngeal  paralysis  to  a  cortical  lesion,  the  post-mortem  examination  had  established 
the  fact  that  in  reality  it  was  of  bulbar  nature. 

In  1886  Garel^  recorded  an  observation,  to  which  he  added,  in  conjunction  with 
M.  Dor,  another  in  1 890,  which  proved, §  in  the  opinion  of  these  authors,  that 
unilateral  laryngeal  paralysis  could  be  caused  by  a  unilateral  lesion  of  the  opposite 
hemisphere  or  internal  capsule.  We  have  elsewhere||  taken  exception  to  the  interpre- 
tation given  by  these  authors  to  the  paralysis  observed  in  their  cases,  because  (a)  the 
medulla  oblongata  was  not  microscopically  examined  at  the  post-mortem  examination, 
and  (b)  the  total  paralysis  (respiratory  as  well  as  phonatory)  of  the  vocal  cord  observed 
in  their  cases  is  according  to  our  ablation-experiments  absolutely  incompatible  with 
the  idea  of  its  being  due  to  a  cerebral  lesion. 

Recently  RossbachII  has  published  a  very  interesting  paper  on  the  subject,  in  which 
from  a  carefully  observed  case  under  his  own  care  he  draws  the  conclusion  that 
unilateral  paralysis  of  a  vocal  cord  may  be  caused  by  a  lesion  of  the  opposite  insula. 
Seeing  however,  that  in  his  case  there  was  atrophy  of  the  corresponding  side  of  the 
tongue  due  to  an  undoubted  lesion  of  the  ganglionic  cells  of  the  hypoglossal  nucleus 
in  the  medulla  oblongata,  and  that  the  integrity  of  the  vago-accessory  nucleus  in  the 
medulla  was  merely  surmised  from  the  fact,  that  the  fibres  of  the  nerve  itself,  and  of 
the  laryngeal  muscles,  had  undergone  no  atrophy,  while  it  was  not  at  all  shown  that  the 

*  '  Compte-rendn  des  Travanx  de  la  Section  do  Laryngologie  du  VIII.  Congres  International 
Periodique  des  Sciences  Medicales.'    Copenhague,  1884,  p.  17. 

t  '  Transactions  of  the  American  Laryngological  Association,'  1888,  p.  195. 
J  '  Annales  des  Maladies  de  l'Oreille  et  du  Larynx,'  May,  1886. 
§  Ibidem,  April  and  May,  1890. 

||  '  Annales  des  Maladies  de  l'Oreille  et  du  Larynx,'  May  and  June,  1890. 

%  "  Localisation  des  corticalen  Stimmcentrums  beim  Menschen."  '  Deutsches  Arcbiv  fur  klinische 
Medicin,'  vol.  46,  March,  1890. 
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laryngeal  paralysis  had  existed  so  long  that  atrophy  ought  necessarily  have  followed, 
we  cannot  admit  this  case  as  actually  proving  such  a  relationship  as  that  claimed  by 
the  author. 

Finally,  at  this  moment  a  paper  on  the  subject  is  in  course  of  publication  from  the 
pen  of  Scheff,*  the  outcome  of  which  cannot  yet  be  foretold. 

The  general  observations  of  LANNOist  bring  nothing  new,  whilpt  GottsteinJ  con- 
siders the  question  of  the  existence  of  a  cortical  centre  for  the  larynx  in  man  as  still 
open. 

This  short  list  practically  exhausts  the  clinical  material  in  connection  with  the 
subject. 

c.  Methods  of  Experimentation. 

The  different  points  to  be  considered  under  this  heading  may  conveniently  be 
grouped  in  the  following  manner  : — 

1.  Electrical  methods. 

2.  Operative  technique. 

1.  Electrical  methods. — The  excitation  either  of  the  cortex,  corona  radiata,  or  bulb 
was  furnished  by  the  secondary  coil  of  a  du  Bois-Reymond  inductorium  of  the 
ordinary  pattern,  the  distances  of  the  secondary  coil  being  marked  in  millimetres  from 
a  zero  point  where  the  primary  coil  was  completely  covered.  In  the  later  experiments 
we  always  employed  a  special  inductorium  with  the  Helmholtz  side  wire,  very  kindly 
graduated  for  one  of  us  by  Professor  Kronecker,  according  to  the  manner  he  has 
published  elsewhere,  and  by  means  of  which  alone  is  obtained  an  accurate  knowledge 
of  the  increase  in  the  strength  of  the  stimulus  when  the  secondary  coil  is  pushed 
towards  and  over  the  primary.  To  facilitate  the  various  references  to  the  strength  of 
the  current  in  this  paper  we  now  give  in  pai-allel  columns  the  divisions  in  millimetres 
according  to  the  old  method,  and  opposite  them  the  divisions  according  to  Kronecker's 
method.  The  battery  elements  employed  were  either  one  Daniell  cell,  one  1  litre 
bichromate  cell,  (Grenet),  or  a  thermoelectric  element,  16  cm.  high,  14  cm.  diameter, 
of  19  metallic  junctions. 

Du  Bois-Reymond  inductorium. 
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The  electrodes  employed  were  always  fine  platinum  points  which,  in  exciting  the 
cortex,  were  fixed  2  mm.  apart,  but  in  exciting  the  corona  radiata,  internal  capsule,  or 

*  "  Zur  Pathologic  d.  Motilitatsstorungen  d.  Kehlkopfs."  '  AUg.  Wien.  Med.  Zeitung,'  June,  1890. 
t  "  T  a-t-il  un  Centre  cortical  du  Larynx  ?  "  '  Revue  de  M^decine  et  do  Chirurgie,'  August,  1885. 
%  '  Die  Ej-ankheiten  des  Kehlkopfs,'  Dritte  Auflage,  1890,  p.  344. 
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bulb  were  placed  1  mm.  apart.  The  stimulus  was  kept  applied  to  the  cortex  for 
different  periods  of  time  according  to  varying  circumstances.  Thus  if  a  very  minimal 
stimulus  was  being  employed  it  was  necessary,  in  order  to  judge  of  its  effect  upon  the 
cortex,  to  prolong  the  excitation  during  several  respiratory  movements  of  the  vocal 
cords,  i.e.,  from  5  to  10  seconds.  If,  however,  the  stimulus  was  markedly  adequate 
so  that  an  unmistakeable  effect  was  produced  immediately  and  ceased  directly  the 
stimulation  was  discontinued,  then  the  application  of  the  electrodes  was  only  main- 
tained for  from  1  to  2  seconds,  so  as  not  to  exhaust  the  cortex. 

2.  Operative  technique. — The  first  point  to  be  considered  of  course  is  the  anaes- 
thesia, the  importance  of  which  has  been  already  alluded  to,  and  is  considered  in 
further  detail  on  p.  195.  We  may  say  at  once  that  we  have  almost  invariably  used 
ether,  in  a  few  cases  also  in  part  chloroform ;  but  inasmuch  as  the  latter  did  not  show 
any  specific  effect,  differing  much  from  that  of  ether,  it  is  sufficient  only  to  allude  to  it 
here  as  it  may  chance  to  be  mentioned  hereafter.  The  narcotisation  was  always  con- 
ducted in  the  following  manner  : — The  ether  was  first  given  by  inhalation,  and  then 
complete  unconsciousness  having  been  produced  tracheotomy  was  next  perfornjed  and 
the  ansesthetisation  continued  through  a  funnel  and  short4'  piece  of  rubber  tubing, 
the  funnel  resting  on  cotton  wool  wet  with  ether  and  covered  with  a  cloth.  This 
method  had  the  advantage  that  as  it  was  usually  found  far  more  convenient  to  inspect 
the  larynx  from  below  all  trouble  connected  with  the  inhalation  of  the  narcotic  was 
avoided,  and  as  the  trachea  was  always  completely  divided  it  was  readily  moved 
aside  without  twisting  the  larynx  to  either  side,  and  consequently  an  uninterrupted 
view  obtained.  Furthermore,  if  too  much  anaesthetic  was  given  by  mistake,  it  was 
easy  to  restore  the  animal  by  inflation. 

The  tracheotomy  having  been  done,  as  large  a  cannula  as  possible  was  inserted  and 
fitted  as  above  stated. 

The  animal  was  secured  in  a  prone  position  and  the  operation  proceeded  with  to 
expose  the  central  parts  of  the  brain.  These  may  be  referred  to  as  cortex,  corona 
radiata,  internal  capsule,  and  bulb.  The  second  and  the  third  of  course  consist  only 
of  fibres,  whereas  in  the  fh'st  and  last  case  additional  complications  arise  and  extra 
precautions  have  to  be  taken  owing  to  their  being  central  apparatuses. 

Cortex. — The  anterior  third  of  the  skull,  including  the  roof  of  the  orbit,  was  then 
removed  by  first  making  a  trephine  opening  and  subsequently  removing  the  bone  piece- 
meal with  fine  bone  forceps.  All  bleeding  from  the  bone,  which  was  always  free,  was 
immediately  checked  by  wax.  In  this  way  the  whole  of  the  anterior  extremity  of  the 
hemisphere,  including  the  orbital  surface,  was  completely  exposed,  i.e.,  as  far  as  the 
margin  of  the  olfactory  tract.  For  the  better  exposure  of  the  same  the  tissues  filling 
the  orbit  were  drawn  forward,  the  ocular  contents  having  previously  been  removed 
from  the  eyeball  through  an  incision  in  the  sclerotic.t    By  means  of  constant  irrigation 

*  Purposely  short  to  allow  of  proper  change  of  the  respiratory  gases  in  ventilation  of  the  lungs, 
t  Or  the  eyeball  removed  (Hnzio). 
MDCCCXC. — B.  2  C 
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with  warm  water  or  normal  salt  solution  shock  was  in  very  great  measure  avoided. 
This  was  also  provided  against  in  the  usual  way  with  hot  vessels,  coverings,  &c. 

In  no  case  was  the  dura  mater  opened  until  immediately  before  the  commencement 
of  the  excitation. 

The  animal  was  then  fixed  on  its  side  so  that  when  the  anterior  wall  of  the  trachea 
had  been  removed  a  perfect  view  from  below  was  obtained  of  the  vocal  cords  in  their 
whole  length. 

In  all  this  preparation  of  the  trachea,  larynx,  &c,  special  care  was  necessary  to 
avoid  injury  of  the  recurrent  laryngeal  nerves.  Between  every  period  of  the  excitation 
of  the  cortex  it  was  douched  with  warm  water  or  saline  solution,  protected  by  the 
skin-flap  from  the  air  and  kept  warm  with  hot  sponges. 

Corona  Radiata. — The  investigation  of  the  corona  radiata  of  course  enables  one  to 
decide  many  points  concerning  the  amount  of  representation  of  various  functions  in 
the  cortex.  Naturally,  however,  the  excitation  of  the  few  fibres  descending  from  the 
comparatively  extensive  area  of  the  cortex  is  not  easy  unless  the  electrodes  be  placed 
exactly  upon  the  cut  ends  of  the  fibres.  It  is  for  this  reason,  no  doubt,  that  a  stronger 
stimulus*  is  usually  required  to  successfully  excite  the  fibres.  The  removal  of  the 
cortex  was  always  effected  by  a  single  incision  with  a  sharp  scalpel  at  right  angles  to 
the  supposed  direction  of  the  fibres. 

Internal  Capsule. — This  was  exposed  by  horizontal  section  through  the  hemisphere 
in  the  same  way  as  that  just  described  for  the  corona  radiata.  The  line  of  the  incision 
taken  is  referred  to  on  p.  202,  and  the  only  point  noteworthy  here  is  the  arrest  of 
haemorrhage,  &c.  Naturally  bleeding  comes  almost  entirely  from  the  middle  cerebral, 
the  lenticulo-striate  arteries  and  their  branches.  Bleeding  from  these  vessels  can  be 
certainly  arrested  if  a  fragment  of  amadou  be  gently  pressed  on  the  open  mouth  of 
the  vessel  and  left  there.  Usually  the  various  bundles  of  fibres  in  the  capsule  were 
then  explored  with  the  electrodes,  and  finally  a  careful  transcript  of  the  surface 
of  the  section  made  with  compasses  upon  paper  ruled  with  squares  of  1  mm.  a  side, 
and  the  corresponding  bundles  of  fibres  indicated  by  arbitrary  numbers  placed  on  the 
squares  into  which  the  capsule  was  by  this  means  divided. 

The  Medulla  Oblongata. — This  was  exposed  for  excitation  by  reflecting  the  muscles 
and  periosteum  by  the  usual  T-shaped  incision  from  the  occipital  bone  and  the  dorsal 
surfaces  of  the  arches  of  the  first  two  vertebrae  without  injury  to  the  vertebral  vessels. 
These  same  arches  and  the  neighbouring  portion  of  the  occipital  bone  were  then  cut 
away  with  bone  forceps.  The  dura  mater  was  then  divided  in  the  middle  line 
and  the  middle  lobe  of  the  cerebellum  slightly  drawn  upwards  or  a  portion  removed  in 
order  to  expose  the  lower  end  of  the  fourth  ventricle.  A  drawing  was  then  made  with 
compasses  of  the  surfaces  of  the  ventricle  thus  exposed  on  the  1  mm.  ruled  paper. 
Oozing  from  the  cerebellar  vessels  was  always  readily  controlled,  even  in  the  dog,  by 
irrigation  with  hot  water  or  saline  solution.  This  had  a  very  notable  effect  also  in  raising 

*  Putnam,  Franck. 
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the  excitability  of  the  bulbar  centres  when  these  were  depressed  by  shock, 
exposure,  &c. 

In  every  case  a  post-mortem  examination  was  made,  the  drawings  verified  and  the 
specimen  preserved. 

d.  Influence  of  the  Ancesthetic  and  Strength  of  Stimulus. 

We  have  assumed  that  the  construction  of  the  whole  neuro-muscular  apparatus  of 
the  larynx  comprises  (1)  an  area  of  cortex  popularly,  though  incorrectly,  termed  the 
cortical  laryngeal  centre,  (2)  a  similar  area  in  the  bulb  or  medulla  oblongata  which 
may  in  like  manner  be  spoken  of  as  the  bulbar  laryngeal  centre  and  is  connected 
with  the  cortical  apparatus  by  fibres  running  in  the  corona  radiata  and  internal 
capsule,  while  finally  the  vago-accessory  nerve  roots  and  peripheral  branches  contain 
the  fibres  supplying  the  laryngeal  muscles  and  mucous  membrane. 

It  was  first  observed  by  Hooper""  that  even  when  the  recurrent  nerves  were  cut 
inhalation  of  large  doses  of  ether  produced  paralysis  of  the  closers  (the  adductors)  of 
the  glottis  before  the  openers  (the  abductors).  We  repeated*  and  extended  in  further 
detail  this  observation  and  showed  that  this  remarkable  peripheral  and  differential 
action  of  ether  was,  in  all  probability,  due  to  the  fact  that  the  antagonistic  muscles  of 
the  larynx  belong  to  classes  of  muscles  biologically  different. 

Hooper's  original  observation  was  contested  by  Donaldson,;}:  who  found  that  in 
certain  cases  one  of  the  two  groups  of  muscles  predominated  according  to  the  strength 
of  the  stimulus,  that  with  a  feeble  current,  opening,  with  a  strong  current,  closing,  of 
the  glottis  was  produced.  A  further,  later  research  by  Hooper§  showed  that  the  same 
effect  is  produced  by  varying  the  rate  (i.e.,  the  intensity  ?)  of  the  stimuli,  with  a  slow 
rate  of  interruption  of  a  constant  current  abduction  being  obtained,  with  a  quick 
rate  adduction. 

We  have  observed  Donaldson's  result  to  be  occasionally  present,  and  from  general 
considerations  are  ready  to  believe  that  Hooper's  second  observation  is  correct.  It  is 
clear  that  the  ether  effect,  and  the  intensity  of  stimulation  effect  mutually  confirm 
each  other.  All  these  results  apply  in  their  entirety  to  Dogs  only.  Both,  however, 
have  to  be  kept  in  view  when  considering  the  results  of  exciting,  as  in  the  present 
research,  the  highest  point  of  the  efferent  neuro-muscular  track  of  the  laryngeal 
apparatus  in  any  animal,  since  it  is  obvious  that  the  actual  representation  of  move- 
ment (whether  closure  or  opening  of  the  glottis)  might  be  masked  by  the  condition 
of  the  peripheral  mechanism ;  for  instance,  if  this  were  poisoned  with  ether  stimu- 
lation would  give  opening  only  of  the  glottis. 

*  '  Transactions  of  the  American  Laryngological  Association,'  vol.  7,  1886. 

t '  Brit.  Med.  Journal,'  4-11  September,  1886.     Vide  also  Biudermann,  '  Centralblatt  fiir  Physiologic,' 
and  Bowditch,  'International  Journal  of  the  Medical  Sciences,'  April,  1887,  p.  444. 
X  '  American  Journal  of  Medical  Sciences,'  July,  1886. 
§  '  Transactions  of  the  American  Laryngological  Association,'  1888. 

2  0  2 


19G  DR.  F.  SEMON  AND  MR.  V.  HORSLEY  ON  AN  INVESTIGATION 

This  combination  of  physiological  relationship  in  the  larynx  has  not,  so  far  as  we 
know,  received  much  attention,  we  wish,  therefore,  to  lay  stress  upon  the  fact  that, 
until  it  has  been  further  investigated,  we  shall  not  speak  dogmatically  upon  the 
relative  degree  of  representation  of  the  two  antagonistic  movements  in  any  one  point 
of  the  cortex,  but  shall  content  ourselves  with  giving  the  results  of  our  work.  The 
further  consideration  naturally  arises,  that  possibly  what  applies  to  the  peripheral 
mechanism  may  also  be  true  of  the  central  apparatus,  that,  in  short,  the  activity  of 
the  cortical  corpuscles  in  which  the  representation  of  adduction  exists  may  be  more 
easily  extinguished  by  ether  than  that  of  the  representation  of  abduction.  Con- 
sidering, too,  that  this  implies  the  earlier  abolition  of  purposive  function,  it  is  not  so 
fallacious  to  thus  translate  peripheral  (i.e.,  nerve  ending  ?)  conditions  to  a  centre.  This, 
however,  although  a  question  of  the  utmost  interest,  does  not  appear  to  be  capable  of 
direct  solution  until  it  is  possible  to  differentiate  either  anatomically  or  functionally  the 
particular  fibres  in  the  pyramidal  tracts  in  which  closure  or  opening  are  respectively 
represented. 

We  hope  that  the  results  of  excitation  of  the  internal  capsule,  especially  in  the  Cat, 
vide  infra,  will  lend  some  aid  in  explanation  of  the  difficulty  as  well  as  in  the  special 
examination  of  Masini's  results  for  the  reasons  before  given.  We  have  carefully 
noted  the  effect  of  varying  the  strength  of  the  excitation. 

We  have  always  employed  the  same  rate  of  excitation  (viz.,  100  per  second),  since 
we  believe  that  variation  in  rate  is  practically  the  same  in  effect  as  variation  in 
intensity. 

Results. 
Cortex. 

General  Statements. 

We  have  directed  our  attention  primarily  to  the  investigation  of  the  representation 
of  phonatory  laryngeal  movements  only,  but  we  have  not  been  unmindful  of  the 
concomitant  representation  of  respiration.  This  is  a  point  which  has  already  been 
the  subject  of  research,  and  especially  at  the  hands  of  Francois  France.  That 
author,  as  already  mentioned  in  the  Historical  Retrospect,  does  not  consider  that  a 
separate  cortical  apparatus  exists  for  the  phonatory  and  respiratory  functions  of  the 
larynx  respectively,  but  we  believe  that  an  extensive  series  of  experiments  will 
justify  the  course  we  have  adopted. 

We  moreover  think  it  right  to  discriminate  between  the  representation  of  general 
respiration  and  that  of  the  larynx,  since  we  have,  on  the  one  hand,  obtained 
laryngeal  effects  without  any  concomitant  changes  in  general  respiration,*  and  on  the 
other  hand,  one  excitation  has  often  at  the  same  moment  induced  changes  of  a 

*  Since  this  was  written  Krause  has  stated  in  the  '  Berliner  Klinische  Wochenschrift,'  No.  25,  1890, 
that  he  has  observed  the  same  differentiation  of  representation. 
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different  type  in  the  larynx  and  general  respiration,  e.g.,  closure  of  the  rima 
glottidis  with  general  acceleration  of  respiration.  We  shall  therefore  proceed  at 
once  to  describe  the  laryngeal  effects  only,  and  shall  reserve  what  we  may  wish  to 
state  relating  to  the  effects  produced  on  general  respiration  for  another  communication. 
In  arranging  our  results  we  divide  them  as  indicated  on  p.  188,  i.e.,  first,  according  to 
the  species  of  animal  employed,  and  we  shall  commence  with  the  highest  order. 

Monkey. 

Species  employed. — We  have  explored  the  cortex  in  examples  of  Macacus  sinicus, 
Macacus  rhesus,  and  Macacus  cynomolgus. 

Among  these  Macacus  sinicus  afforded  the  best  results.  The  general  conclusions 
we  derive  from  our  excitation  experiments  are  as  follows  : — 

Intrinsic  Laryngeal  Movements. — That  in  the  foot  of  the  ascending  frontal  gyrus, 
just  behind  the  lower  end  of  the  prsecentral  sulcus  [vide  Plate  31,  fig.  1),*  there  is  a 
focus  of  representation  of  the  movements  of  the  vocal  cords  which  are  independent  of 
movements  of  the  pharynx,  when  the  most  anterior  part  of  the  focal  area  of 
representation  is  excited. 

This  focus  is  limited  anteriorly  by  the  prsecrucial  sulcus  (p.c,  fig.  1)  and  a  line 
continuing  the  direction  of  that  sulcus  to  the  Fissure  of  Sylvius,  superiorly,  by  a 
line  drawn  horizontally  (parallel  to  Fissure  of  Sylvius)  through  the  upper  extremity 
of  the  small  secondary  sulcus  marked  v,  see  fig.  1,  inferiorly,  by  the  Fissure  of 
Sylvius,  and  posteriorly,  by  the  sulcus  v. 

The  purely  intrinsic  movement  of  adduction  of  the  vocal  cords  seems  to  be 
represented  in  the  front  half  (marked  darkly  F,  in  fig.  1)  of  this  focal  area.  In  the 
posterior  half,  i.e.,  just  in  front  of  v,  it  is  accompanied  by  pharyngeal  movements 
especially.    (Bee von  and  Horsley.) 

In  this  focal  area  the  character  of  the  movement  represented  is  invariably  adduc- 
tion (Monkey),  and  not  only  complete,  but  also  perfectly  bilateral.  We  have  never 
observed  abduction  to  follow  excitation.  Outside  the  focal  area  the  intrinsic  move- 
ments are  also  represented,  but  in  a  greatly  diminished  fashion.  Thus,  from  the  rest 
of  the  facial  region,  as  high  as  the  lower  border  of  the  upper  limb  region,  as  defined 
by  Beevor  and  Horsley,  and,  posteriorly,  as  far  as  the  secondary  sulcus  in  the  foot 
of  the  ascending  parietal  gyrus,  a  slight  degree  of  adduction  (as  far  as  the  cadaveric 
position)  is  obtained  on  excitation.  The  relative  degree  to  which  this  exists  is  show  n 
in  fig.  1  by  the  depth  of  the  stippling.  It  need  hardly  be  added  that,  of  course,  the 
movements  of  the  face,  jaws,  and  tongue  noted  to  be  represented  in  this  region 
(Ferrier,  Sohafer,  Beevor  and  Horsley)  also  occur  in  concomitant  association. 

This  gradual  decrease  in  representation  from  a  focus  or  centre  of  most  complete 
function  is  typical  of  all  cortical  motor  representation,  especially  in  the  lower  apes. 

Extrinsic  Laryngeal  Movements. — The  movements  of  the  larynx  as  a  whole, 
*  Confirmed  by  Mott  and  Schafer,  '  Brit.  Med.  Journal,'  May  17,  1890. 
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of  course,  possess  considerable  interest.  From  anatomical  reasons  these  resolve  them- 
selves under  two  headings — 

(1)  Upward  Movement  of  the  Larynx, 

(2)  Downward        „  „ 

(1)  Upward  movement  of  the  larynx  we  noted  to  occur  only  in  front  of  the  Fissure 
of  Rolando,  between  it  and  the  small  secondary  sulcus  marked  v  in  figure. 

This  movement  is  associated  with  swallowing  and  mastication,  these  actions 
being  (Beevoe  and  Hoesley)  represented  in  the  strip  of  cortex  thus  indicated. 
Clearly,  in  this  association,  we  have  only  the  completion  of  the  observed  representation 
of  these  complicated  acts. 

(2)  Downward  movement  of  the  larynx  we  obtained  by  exciting  the  cortex  just 
behind  the  Fissure  of  Rolando  between  that  sulcus  and  a  line  parallel  to  it,  drawn 
from  the  lower  end  of  the  intraparietal  sulcus  to  the  Fissure  of  Sylvius. 

Once  we  observed  confusion  between  the  movement  of  the  larynx  upwards  and 
downwards  to  occur  at  this  point,  the  downward  direction  predominating. 

Epilepsy. — We  have  frequently  observed  epilepsy  to  follow  excitation  of  the  cortex 
in  this  region.  At  the  commencement  of  the  fit,  the  vocal  cords  are  strongly 
adducted,  often  with  tremors,  i.e.,  confusion  between  adduction  and  respiratory  (?) 
abduction,  this  persisting  during  the  tonic  stage.  Then,  in  the  subsequent  clonic 
stage,  the  movement  of  adduction  alone  occurs  as  single  spasms  and  ceases,  of  course, 
often  suddenly. 

Carnivora .  — Dog. 

Phonation. — The  following  account  applies  only  to  the  adult  animal ;  we  shall  speak 
later  of  the  differences  which  are  caused  in  the  cortical  representation  according  to  the 
age  of  the  individual  examined.  The  nomenclature  of  the  sulci  employed  will  be  that 
given  by  JLangley  in  his  admirable  paper  on  this  subject,"1''  except  that  for  brevity  we 
shall  speak  of  the  anterior  limb  of  the  sigmoid  gyrus  as  the  prsecrucial  gyrus,  and 
similarly  of  the  posterior  limb  as  the  postcrucial  gyrus.  In  the  original  description 
given  by  KEAUSEt  of  the  cortical  representation  of  the  movements  of  the  vocal  cords, 
that  author  localised  the  focus  of  the  representation  to  be  situated  in  the  pnecrucial 
gyrus  [or,  as  he  called  it,  following  Munk,  the  gyrus  praefrontalis  (Owen),]  just  where 
that  gyrus  terminates  below  in  a  narrow  pillar  or  isthmus  connecting  it  with  the 
anterior  composite  gyrus.  At  this  point  he  found  that  excitation,  as  a  rule,  produced 
bilateral  adduction  of  the  cords  ;  this  we  have  completely  confirmed,  but  we  have  also 
found  that  while  the  spot  indicated  is  a  focus,  nevertheless  slight  adduction  can 
be  obtained  by  excitation  of  the  whole  of  the  lower  two-thirds  of  the  praecrucial 
gyrus,  and  also  a  few  millimetres  of  the  upper  extremity  of  the  anterior  composite 
gyrus. 

*  'Journal  of  Physiology,'  December,  1883,  p.  248. 

T  :  Archiv  f.  Anatoinio  und  Physiologio,  Pbys.  Abtb.,'  1884,  p.  203. 
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This  representation  of  the  intrinsic  movements  of  the  larynx  is  not  pure  except  very 
special  care  be  taken  to  adjust  the  strength  of  the  excitation  sufficiently  to  prove  a 
minimal  stimulus  to  the  point  excited.  As  a  rule,  it  is  accompanied  by  movements  of 
the  tongue  and  of  the  pharynx,  e.g.,  swallowing.*  Occasionally,  however,  we  have 
obtained  movements  of  the  vocal  cords  without  any  concomitant  action  elsewhere. 
We  have  never,  in  the  adult  Dog,  witnessed  abduction,  although  we  have  explored  the 
whole  of  the  frontal  lobe  on  its  orbital  and  external  nasal  surfaces  completely. 

Respiration. — We  now  proceed  to  remark  upon  the  representation  of  respiratory 
movements  of  the  larynx  also  to  be  found  in  the  cortex  of  the  adult  Dog.  We  have 
found  that  the  following  conditions  may  be  produced  with  absolute  certainty. 

a.  Acceleration  of  Respiratory  Movements  of  the  Vocal  Cords. — This  is  chiefly 
represented  just  above  the  focus  for  the  movements  of  the  adduction  of  the  cords,  i.e., 
just  in  the  middle  of  the  lower  third  of  the  prsecrucial  gyrus,  but  excitation  of 
the  whole  of  the  prsecrucial  gyrus  as  a  rule  produces  this  effect  in  diminishing  degree, 
as  we  move  from  the  focal  point  jnst  mentioned.  In  the  performance  of  this  act  the 
abduction  of  the  vocal  cords  is,  as  a  rule,  diminished  in  extent,  as  has  already  been 
mentioned  in  speaking  of  their  phonatory  representation  in  the  same  area,  but  they 
otherwise  present  the  ordinary  alternate  rhythm  of  abduction  and  adduction. 

Before  passing  to  the  next  point  observed  we  must  here  make  a  few  remarks  upon 
this  extraordinary  result,  because  it  has  not  been,  so  far  as  we  know,  described  in 
connexion  with  any  function  other  than  the  respiratory. 

Quickening  of  respiration  has  very  properly  been  termed  by  RiCHETt  polypnoea, 
and  has  been  proved  by  him  to  be  the  means  whereby  the  thermo-taxic  apparatus 
restores  the  equilibrium  of  the  body  by  providing  for  extra  loss  or  dissipation  of  heat. 

Further,  work  of  a  memorable  kind  has  been  done  upon  this  subject  by  Ott,J  who 
has  directed  special  attention  to  this  point,  and  has  produced  by  excitation  the  same 
acceleration  of  respiration,  but  from  excitation  of  the  internal  capsule.  ( Vide  our 
remarks  on  the  internal  capsule.)  We  provisionally  quite  agree  with  the  conclusions 
and  explanations  offered  by  these  writers,  and  we  would  here  remark,  that  so  far  as 
we  can  see,  the  results  obtained  by  Christiani,§  and  probably  those  by  Martin  and 
Booker,  ||  are  to  be  explained  as  the  results  of  excitation  of  the  fibres  leading  down 
from  this  very  extensive  and  cortical  representation  of  the  respiratory  acceleration 

*  [While  this  paper  was  passing  through  the  press  Monk  published,  in  the  2nd  edition  of  his 
'  Gesammeltc  Mittheilungen  iiber  die  Functionen  der  Grosshirnrinde,'  a  statement  on  p.  178  to  the  effect 
that  we  have  confounded  the  focal  representation  of  phonation  with  laryngeal  movements  when  accom- 
panied by  associated  movements  of  the  mouth,  pharynx,  &c.  The  juscics  of  this  statement  wo  leave  to 
the  opinion  of  our  readers.  — August,  1890.] 
•    f  '  La  Chaleur  Animale.' 

X  '  Laboratory  Researches,'  Easton,  Pa. 

§  '  Zur  Physiologic  des  Gohirnes.'    Berlin,  1885. 

||  '  Journal  of  Physiology,'  vol.  1,  1881, 
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that  we  have  observed.  (Vide  also  Francois  Franck,  Lupine,  Bochefontaine, 
Danilewskw,  Goldstein,  Sihler,  Munk,  &c.,and  our  remarks  on  the  internal  capsule.) 

b.  Intensification  of  Respiratory  Movements. — If  the  electrodes  be  moved  over 
the  surface  of  the  sigmoid  gyrus  it  will  be  noticed  that  as  soon  as  they  are  placed 
opposite  the  lower  or  outer  end  of  the  crucial  sulcus,  there  is  then,  together  with  the 
now  very  slight  acceleration  in  rate,  a  distinctly  more  energetic  action  of  the  vocal 
cords.  Both  the  abduction  and  the  adduction  movements  are  more  pronounced,  and 
as  the  electrodes  are  carried  back  to  the  lower  end  of  the  postcrucial  gyrus,  i.e.,  over 
the  area  of  representation  of  the  fore-limb,  this  intensification  becomes  still  more 
marked,  and  is  occasionally  accompanied  by  slowing,  and  may  in  short  be  said  to  be 
there  localised,  as  from  this  point  upwards  it  gradually  diminishes  over  the  surface  of 
the  gyrus. 

These  observations  are  interesting  in  connexion  with  those  made  by  Masini  upon 
the  distribution  of  the  laryngeal  represention  in  the  Dog.    (Vide  History.) 

In  reviewing  the  results  just  noted,  we  wish  to  point  out  that  if  the  excitation 
of  the  cortex  be  first  attempted  with  an  extremely  weak  current  and  if  then  the 
stimulus  be  increased,  the  first  effect  in  response  to  the  weak  current  is  the  respiratory 
acceleration  before  noted,  and  the  next  effect  is  the  intensification  of  the  respiratory 
movements.  The  purposive  adduction  obtained  in  the  phonatory  centre  as  a  rule 
requires  the  strongest  stimulus. 

This  has  been  found  to  be  the  case  by  most  observers,  the  distance  of  the  secondary 
coil  from  the  zero  point  of  the  ordinary  dtj  Bois  inductorium  being  required  to  be 
pushed,  as  Krause  himself  first  stated,  to  7'5  or  even  4  cm.*  Although  we  have 
made  a  special  investigation  of  this  point  with  very  weak  as  well  as  stronger  currents, 
and  although  we  have  been  very  careful  to  preserve  the  vertical  position  of  the 
larynx,  and  to  record  even  the  slightest  action,  we  have  never  observed  the  unilateral 
movements  described  by  Masini. 

Epilepsy. — As  in  the  Monkey,  we  have  not  infVequeutly  observed  epilepsy  to 
follow  the  excitation  of  the  cortex,  this  being  more  readily  produced  in  the  carnivorous 
animals  than  in  the  higher.  During  the  epileptic  convulsions  the  vocal  cords  usually 
after  preliminary  adduction  exhibit  clonic  adductory  movements,  in  no  wise  differing 
from  those  previously  described,  save  in  their  intermittent  character. 

Cat. 

We  have  made  a  large  number  of  experiments  upon  the  cortex  of  the  Cat  because 
we  found  very  early  in  our  investigations,  in  1886,  that  the  movements  of  the  larynx 
represented  in  the  cortex  of  the  Cat  were  not  the  same  as  those  which  we  had 
obtained  from  the  Monkey  or  even  from  the  Dog.  In  other  words  :  contrary  to  what 
we  have  just  seen,  the  movement  of  abduction  was  well  represented  in  the  cortex  of 
the  Cat,  although  we  had  never  been  able  to  find  any  genuine  trace  of  it  in  the  cortex  of 

*  Faradism,  moreover,  not  Helmholtz  modification. 
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the  Dog.  It  will  be  necessary,  perhaps,  first  to  explain  that  the  arrangement  of  the 
convolutions  in  the  Cat  as  regards  the  frontal  lobe  is  in  its  chief  features  the  same  as  . 
in  the  Dog,  only  in  miniature.  See  Plate  32,  figs.  2,  3,  4,  5.  The  coronal  fissure  bounds 
the  sigmoid  gyrus  below,  and  running  forward  is  separated  from  the  supraorbital  sulcus 
by  the  pillar  or  isthmus  of  the  prsecrucial  gyrus  joining  the  anterior  composite  gyrus 
as  before  described.  In  front  of  the  supraorbital  sulcus  and  between  that  sulcus  and 
the  rhinal  fissure  is  situated,  as  in  the  Dog,  the  orbital  lobe.  The  rhpial  fissure,  of 
course,  separates  the  orbital  lobe  from  the  olfactory  tract.  We  mention  all  these 
points  because  their  special  bearing  will  be  seen  directly. 

Phonation. — The  bilateral  adduction  of  the  vocal  cords,  as  in  phonation,  we  have 
observed  in  the  Cat  to  be  more  frequently  represented  in  the  coronal  gyrus  at  its 
anterior  extremity,  near  the  anterior  composite  gyrus,  at  a  point  which  is  in  a  line 
with  the  crucial  sulcus  and  in  the  upper  part  of  the  gyrus,  i.e.,  close  to  the  coronal 
fissure,  at  d' ,  figs.  2,  4,  5.  We  have  further  observed  that  representation  of  bilateral 
adduction  is  also  to  be  found  in  the  area  corresponding  to  that  discovered  by  Krause 
in  the  Dog,  i.e.,  just  above  and  in  front  of  the  anterior  end.  of  the  coronal  fissure,  at 
d,  figs.  2,  4,  5.  This  representation  of  adduction,  whether  in  one  place  or  the  other, 
is  very  soon  exhausted,  although  it  is,  when  present — i.e.,  in  a  full-grown  old  Cat — 
well  marked.  It  requires  a  moderate  stimulus  for  its  production,  i.e.,  7000  to  8000  of 
the  Keonecker  coil. 

Respiration,  Abduction,  Acceleration. — We  have  found  that  in  the  Cat  there  exists 
a  point  (at  b,  figs.  2,  3,  4,  5)  in  the  lower  border  of  the  hemisphere,  just  above  the 
rhinal  fissure — i.e.,  in  the  anterior  composite  gyrus — and  just  below  the  depression 
representing  the  antero- supra- sylvian  sulcus,  excitation  of  which  produces  well- 
marked — i.e.,  as  long  as  the  excitation  lasts — abduction  of  the  vocal  cords  ;  and  that 
the  same  effect  is  produced,  in  a  diminishing  degree,  round  this  point  as  a  focus,  and 
occasionally  passes  above  the  supra-sylvian  sulcus  on  to  the  coronal  and  upper  part  of 
the  anterior  composite  gyrus.  This  cortical  representation  of  abduction  in  the  Cat  is 
very  interesting,  as  probably  indicating  special  respiratory  requirements""'  in  that  animal, 
this  deduction  being  confirmed  by  the  experiments  of  LEGALLOist  and  others.  Although 
we  have  found  occasionally  that  in  the  Cat  the  praecrucial  gyrus  gave  upon  excitation, 
as  in  the  Dog,  acceleration  of  respiration,  yet  this  was  not  so  marked. 

Intensification. — Similarly,  intensification  also  was  observed,  but  in  no  great  degree. 

Concomitant  Movements. — Concomitant  movements  were  observed  (movements  of 
the  tongue,  licking,  mastication,  and  swallowing)  when  the  antei'ior  composite  gyrus 
was  excited,  i.e.,  when  opening  of  the  glottis  (abduction)  was  produced.  But  we 
constantly  observed  the  abduction  to  be  completely  maintained  while  thoracic  respira- 

*  In  the  discussion  following  a  demonstration  of  some  of  our  experiments  at  the  10th  International 
Medical  Congress,  1890,  Prof,  du  Bois-Retmond  stated  that  he  had  observed  phonation  in  the  Cat  and 
Cow  to  be  of  an  inspiratory  nature.    Prof.  Exner  stated  tho  same  with  regard  to  the  Pig. 

t  '  Sur  le  Principe  de  la  Vie.' 
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tion  went  on  unhindered.  On  the  other  hand,  when  closure  of  the  glottis  was  evoked, 
the  respirations  were  distinctly  slowed. 

We  cannot  pass  from  this  part  of  the  subject  without  adverting  to  the  remarkable 
way  in  which  the  laryngeal  apparatus  of  the  Cat  is,  as  we  have  before  remarked, 
extremely  sensitive  to  the  operation  of  the  ancesthetic.  Especially  was  this  the  case 
in  making  these  experiments  upon  the  cortex,  since  we  found  that  a  moderately  deep 
narcotisation  was  sufficient  to  change  the  effect  observed  from  adduction  to  abduction. 
The  discussion  of  this  we  resume  further  on. 

Epilepsy. — We  have  occasionally  observed  epilepsy,  and  when  it  occurred  the  vocal 
cords  were  preliminarily  brought  together,  and  then  moved  in  clonic  adductory 
spasms.  We  would  now  like  to  state  that  it  is  the  pbonatory — or,  as  we  may  say, 
the  purposive — adductory  representation  of  the  laryngeal  movements  which  is  inva- 
riably brought  out  in  the  epileptic  discharge  of  the  cortex  ;  another  proof,  if  proof  be 
required,  of  our  position  that  adduction  is  a  movement  characteristic  of  the  highest 
cortical  evolution  as  far  as  the  larynx  is  concerned. 

Rodents.  — Rabbit. 

Cortical  representation  of  movement  in  the  Rabbit  is,  of  course,  well  known  to  be 
very  limited  indeed,  both  in  extent  and  in  degree,  the  cortical  centres  being  soon 
exhausted  and  the  effects  produced  being  relatively  insignificant.  We  therefore  only 
made  two  experiments  upon  this  animal.  We  obtained  no  focal  representation  of  the 
larynx,  but  the  intrinsic  movement  observed  concurrently  with  the  movements  of 
other  parts  were,  as  a  rule,  adduction ;  and,  where  this  was  most  marked,  the 
concomitant  movement  was  that  of  swallowing. 

Corona  radiata. 

We  have,  in  a  certain  number  of  experiments,  removed  the  cortex  and  excited 
the  fibres  beneath.  As  might  be  expected,  our  results  all  point  to  one  conclusion, 
viz.,  that  excitation  of  the  fibres  which  lead  in  a  direct  line  from  the  particular 
part  of  the  cortex  removed  to  the  internal  capsule  gives  the  same  effects  as  did 
the  cortex  when  that  was  excited.  Thus,  in  the  Dog  we  have  observed  that  the 
white  fibres  leading  down  from  the  preecrucial  gyrus  gave  acceleration  and  those  from 
the  isthmus  of  that  gyrus  adduction,  whereas  the  fibres  coming  from  the  lower  end  of 
the  postcrucial  gyrus  gave  intensification  of  the  respiratory  movements  of  the  vocal 
cords.  Exactly  the  same  is  observed  in  the  Cat,  viz.,  that  acceleration  is  coupled 
with  adduction,  and  that,  on  excitation  of  the  fibres  coming  from  the  abductor  focus, 
we  have  as  distinctly  abduction. 

In  no  case,  in  accordance  with  the  previous  observations  of  various  authors,  did  we 
obtain  epileptic  movements  of  the  laryngeal  muscles,  after  the  cortex  had  been 
excised,  by  stimulation  of  the  fibres  leading  therefrom. 
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Internal  Capsule. 

It  will  be  necessary  to  give  a  slight  anatomical  introduction  before  describing 
our  results  of  the  excitation  of  the  internal  capsule.  In  the  first  place  we  invariably 
have  exposed  the  internal  capsule  by  a  horizontal  section  carried  through  the 
substance  of  the  hemisphere  from  before  back,  after  the  usual  preliminary  ligature 
of  the  middle  cerebral  artery.  In  this  manner  the  internal  capsule  in  its  whole 
length,  basal  ganglia,  &c,  were  exposed,  and  readily  distinguishable.  The  horizontal 
section  before  referred  to  passed  in  the  Carnivora  through  the  sub-prorean  gyrus,  the 
lower  part  of  the  orbital  lobule  just  above  the  rhinal  fissure,  through  about  the  middle 
of  the  Sylvian  fissure,  and  so  backwards  through  the  lower  end  of  the  curved  external 
convolutions  and  sulci,  i.e.,  ecto-sylvian,  &c. 

In  the  Monkey  the  section  was  carried  horizontally  backwards  through  the  third 
frontal  gyrus,  the  foot  of  the  ascending  frontal  and  parietal  gyri  respectively,  across 
the  Sylvian  fissure,  through  the  uppermost  part  of  the  temporo-sphenoidal  lobe,  and 
so  through  the  occipital  lobe.  The  anatomical  features  of  the  cerebral  sections  thus 
produced,  although,  of  course,  differing  considerably  in  the  various  orders  of  animals, 
nevertheless  are  not  so  diverse  as.  might  be  anticipated  (see  figs.  6,  7).  In  each  case 
the  section  exposed  both  the  caudate  and  lenticular  nuclei  of  the  corpus  striatum  as 
well  as  the  optic  thalamus.  The  sections  in  the  Monkey  thus  correspond  to 
about  the  level  of  Group  4,  as  described  by  Beevor  and  Horsley.  These  authors 
in  their  paper  {ante,  pp.  49-88),  on  the  arrangement  of  the  excitable  fibres  of  the 
internal  capsule  of  the  Bonnet  Monkey,  just  referred  to,  observed  phonation  to  occur 
in  one  section  of  the  capsule  when  these  fibres  were  excited  {ibid.,  p.  83),  but  they  did 
not  directly  observe  the  laryngeal  movements. 

In  this  connection  it  must  be  remarked  that  in  the  Carnivora  the  lenticular  nucleus 
is  relatively  extremely  narrow  (see  figs.  6,  7),  so  that  the  angle  made  by  the  two  limbs 
of  the  capsule  is  a  very  open  one,  almost  150  to  1G0  degrees.  Therefore,  as  will  be 
seen  directly,  the  general  arrangement  of  the  fibres,  as  far  as  the  antero-posterior 
order  goes,  is  the  same  in  the  two  classes  of  animals,  although  the  actual  positions  arc 
not  quite  the  same,  owing  to  the  non-development  of  the  prefrontal  region  in  the 
Carnivora.  Since  the  irruption  of  prefrontal  fibres  which  makes  up  the  mass  of  the 
anterior  limb  in  the  Monkey  and  pushes  the  excitable  fibres  further  backwards  into 
the  posterior  limb  does  not  occur  in  the  brain  of  the  Dog  or  Cat,  in  these  animals  it 
is  the  anterior  limb  which  principally  contains  the  excitable  laryngeal  fibres. 

In  all  animals  the  most  anteriorly  placed  laryngeal  effect  observed  was  the  accele- 
rated movements  of  the  vocal  cords  connected  Avith  quick  movements  of  the  thorax  in 
the  polypnea,  which  we  have  described  to  be  produced  by  excitation  of  the  precrucial 
gyrus.  In  the  Cat  and  in  the  Dog  this  acceleration  of  respiration  is  produced  by 
excitation  of  a  considerable  number  of  fibres  occupying  the  anterior  half  of  the  anterior 
limb,  i.e.,  opposite  about  the  anterior  half  of  the  caudate  nucleus  as  exposed  in  the 
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section  before  referred  to.  At  the  same  time  that  acceleration  was  produced  there 
was  also  obtained  from  the  most  posterior  bundles  of  these  fibres,  in  all  animals, 
abduction,  this  combination  being  concentrated  in  the  Monkey  at  the  genu,  where  the 
fibres  subserving  the  acceleration  of  respiration  are  chiefly  grouped.  In  the  Cat  and 
in  the  Dog  these  abductor  fibres  were  found  just  before  the  genu. 

Taking  the  various  species  individually  we  find  that,  in  (1)  the  Monkey,  acceleration 
is  first  produced  when  the  fibres  immediately  in  front  of  the  genu  and  exactly  at  the 
genu  are  stimulated;  this  is,  of  course,  just  opposite  the  sharp  angle  made  by  the 
middle  zone  of  the  lenticular  nucleus.  The  fibres  in  the  posterior  limb  immediately 
behind  the  genu  when  excited  either  give  a  mixed  movement  or  simply  produce  on 
excitation  diminution  of  abduction,  and  it  is  not  until  we  get  to  the  junction  of  the 
middle  and  posterior  fourths  of  the  capsular  border  of  the  middle  zone  of  the  lenticular 
nucleus  that  we  get  distinct  adduction.  There,  however,  the  adduction  is  very  accu- 
rately localised  to  a  few  bundles  of  fibres  about  2  square  millimetres  in  area.  Just 
behind  this  point  for  a  short  distance  diminished  abduction  was  observed  on  stimulat- 
ing the  capsule  in  one  case ;  it  is  clear,  therefore,  that  in  the  Monkey  the  acceleration 
of  respiration  is  only  brought  about  by  a  few  fibres  at  the  situation  of  the  genu,  while 
the  phonatory  adduction  of  the  cords  is  subserved  by  a  few  fibres  in  almost  exactly 
the  middle  of  the  posterior  limb  of  the  capsule. 

It  may  be  interesting  at  this  point  to  state  that  this  is  what  might  have  been 
expected,  inasmuch  as  it  is  just  at  this  region  that  the  observations  before  referred 
to*  show  that  these  fibres  similarly  subserve  the  movements  of  the  tongue  and 
pharynx. 

(2)  .  In  the  Dog  the  condition  appears  to  prevail  which  is  found  in  the  Cat,  about  to 
be  described,  that  is  to  say,  that  excitation  of  almost  the  whole  of  the  anterior  limb 
produces  acceleration  of  respiration  and  that  adduction  begins  to  be  produced  at  the 
genu,  (g,  fig.  7.)  We  will  therefore  proceed  to  describe  the  condition  as  it  is  seen 
in  the  Cat,  in  which  animal  we  have  investigated  this  point  closely. 

(3)  .  In  the  Cat  the  most  anterior  effect  is  acceleration.  This  commences,  according 
to  the  level  of  the  section,  either  just  in  front  of,  or  just  opposite  to,  the  anterior 
extremity  of  the  caudate  nucleus,  and  it  persists  throughout  the  front  half  of  the 
anterior  limb  of  the  capsule.  (1-3,  fig  6.)  At  this  centre  point  of  the  anterior 
limb  the  respirations  become  intensified,  abduction  much  more  notabby  marked,  and 
in  some  cases  persistent.    (See  fig.  G.) 

Exactly  at  the  genu,  or  in  many  cases  just  in  front  of  it,  i.e.,  opposite  the  posterior 
extremity  of  the  caudate  nucleus  (vide  figs.  6  and  7),  adduction  is  very  sharply 
marked. 

In  most  cases  the  bundle  of  fibres  subserving  this  phonatory  adducton  is  small, 
in  others — possibly  owing  to  slight  difference  in  the  obliquity  of  the  section — 
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adduction  can  be  obtained  from  almost  any  point  in  the  front  half  of  the  posterior 
limb,  and  in  some  cases  there  is,  in  addition,  diminished  abduction  as  far  as  the  hinder 
end  of  the  lenticular  nucleus. 

We  are  now  in  a  position  to  discuss  further  the  points  postponed  in  speaking  of  the 
relative  representation  of  respiration  and  phonation  in  the  cortex. 

It  will  be  seen  that  in  the  capsule  we  have  thus  arranged  antero-posteriorly  the 
fibres  subserving  portions  of  the  cortex  which  are  placed  rather  transversely  to  the 
mesial  plane  than  parallel  to  it,  and  that,  as  might  be  expected,  the  acceleration 
which  is  the  highest  and  most  anterior  is  similarly  most  anteriorly  placed  in  the 
internal  capsule.  To  return  now  to  the  polypnoea  obtained  by  exciting  these  fibres  in 
the  internal  capsule,  Ott  describes  how  by  using  needle  electrodes  he  was  enabled  in 
the  Rabbit  and  in  the  Cat  to  evoke  exactly  the  same  polypnceic  condition  that  we 
produced  in  the  above-mentioned  circumstances."  He  was  exciting  the  fibres, 
according  to  our  view,  of  the  capsule  leading  from  the  cortex.  The  very  important 
results  which  he  obtained,  and  the  bearing  which  these  facts  have  upon  heat 
regulation  and  the  pathology  of  fever  will  be  found  in  his  communication. 

The  next  point  is  of  course  the  relation  which  the  laryngeal  movements  thus 
described  bear  to  the  other  respiratory  movements.  Where  we  had  to  do  simply 
with  the  acceleration  of  the  laryngeal  movements,  of  course  such  acceleration  was 
exactly  synchronous  with  acceleration  of  thoracic  respiratory  excursions. 

But  when  the  fibres  posterior  to  this  were  excited,  viz.,  those  which  produced  persis- 
tent abductory  movements  of  the  vocal  cords,  then  it  was  noticed  that  while  the  larynx 
remained  wide  open  in  persistent  abduction  as  long  as  the  excitation  lasted,  never- 
theless the  respiratory  excursions  of  the  thorax  were  greatly  accelerated  ;  another 
instance  of  the  differentiation  of  representation  which  we  have  before  described. 
Next,  when  the  vocal  cords  were  brought  together  in  adduction,  as  a  rule  there  was 
some  slowing  of  respiration  and  frequently  movements  of  the  opposite  fore  limb  and 
swallowing. 

Epilepsy. — After  what  has  gone  before  it  will  be  easily  understood  that  we  never 
saw  epilepsy  to  occur  from  excitation  of  the  internal  capsule,  and  that  all  intrinsic 
laryngeal  movements  observed  were  strictly  and  completely  bilateral. 

Medulla  oblongata. 

We  come  now  to  the  consideration  of  the  laryngeal  movements  produced  by 
direct  excitation  of  the  medulla  oblongata.  It  will  readily  be  conceded  that  here 
there  is  more  than  usual  difficulty  in  discriminating  between  those  laryngeal 
movements  which  subserve  the  process  of  respiration  and  those  which  have  to  do  with 
phonation.  We  do  not  propose  in  the  present  case  to  do  more  than  indicate  what 
those  movements  are,  aiid  to  leave  the  consideration  of  the  shares  which  they 
individually  possess  in  serving  the  two  functions  before  mentioned  to  another  time. 
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But  we  may  observe  incidentally  that  we  are  naturally  inclined  to  regard  that  small 
area  of  the  medulla  from  which  adduction  can  be  produced  as  a  transit-station  for  the 
corresponding  cortical,  and  as  a  centre  for  reflex  phonatory  impulses.  Whether  this 
is  really  so  the  future  will  show.  What  is,  for  the  present,  of  more  practical  import 
in  this  connection  is  how  far  the  bulbar  apparatus  for  the  larynx. is  bilateral  or 
unilateral  in  its  composition.  It  will  be  seen  directly  that  we  have  obtained  from 
the  one  half  of  the  medulla  oblongata  both  bilateral  and  unilateral  effects,  that  is, 
as  far  as  they  go  the  bilateral  effect  is  for  the  most  part  complete,  sometimes,  i.e.,  when 
the  electrodes  are  moved  outwards,  with  a  preponderance  of  movements  on  the  part 
of  the  cord  on  the  same  side,  and  the  unilateral  effect  is  of  course  movement  of  the 
cord  on  the  same  side  as  that  stimulated. 

We  shall  discuss  the  results  then  from  these  two  standpoints,  viz.,  (1)  the  bilateral 
effect,  and  (2)  the  unilateral  effect. 

We  have  only  made  observations  on  the  Carnivora,  and  in  this  respect  it  is 
interesting  and  important  to  note  that  the  results  in  the  Cat  are  not  different  from 
those  in  the  Dog.  In  fig.  9  is  given  a  photograph  of  the  floor  of  the  fourth  ventricle 
in  the  Dog,  the  calamus  scriptorius  (c.s.,  fig.  9)  is  well  seen  bounded  laterally  by  the 
fasciculus  gracilis  passing  up  on  each  side  towards  the  restiform  body  with  the  ala 
cinerea  (ct.c,  fig.  9)  well  marked.  The  cerebellum  has  been  divided  and  the  right  half 
removed,  so  as  to  expose  the  lower  surface  of  the  inferior  peduncle  completely,  and 
only  the  upper  part  of  the  inferior  vermiform  process  is  seen  to  be  in  contact  with  the 
floor  of  the  ventricle. 

Within  the  area  thus  exposed  are  included  all  the  movements  of  the  vocal  cords 
which  may  be  reasonably  attributed  to  phonation,  and  also  almost  all  which  are 
connected  with  respiration.  However,  in  accordance  with  what  we  have  stated  above, 
we  shall  now  proceed  to  describe  the  movements  of  the  vocal  cords  independently  of 
the  function  they  may  be  supposed  to  subserve. 

1.  Adduction. — Closure  of  the  glottis  is  sharply  and  invariably  produced  when  the 
upper  margin  of  the  calamus  scriptorius,  i.e.,  the  nucleus  of  the  spinal  accessory  nerve, 
is  stimulated,  and  the  same  thing  is  observed  if  the  electrodes  are  carried  outwards 
and  upwards  along  the  margin  of  the  posterior  pyramid  for  about  3  mm.  from  the 
middle  line.    This  action  is  distinctly  bilateral. 

Immediately  above  the  calamus,  in  the  situation  of  the  ala  cinerea,  abduction  is 
invariably  produced.  This  movement,  like  that  of  adduction,  is  also  absolutely 
bilateral  and  persistent.  It  extends  upwards  as  high  as  the  line  drawn  horizontally 
across  the  fourth  ventricle  at  the  transverse  level  of  the  upper  end  of  the  representa- 
tion of  the  adduction.  (See  fig.  9.)  Above  this  point,  especially  in  the  middle  line 
as  high  as  the  level  of  the  eighth  nerve,  excitation  evokes  movements  of  the  cords 
about  the  cadaveric  position  (see  dotted  area,  fig.  9),  which  may  be  looked  upon  as 
either  a  confusion  or  imperfect  adduction.    This  movement  is  strictly  bilateral. 

We  have  obtained  unilateral  adduction  of  the  vocal  cord  on  the  same  side  by 
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excitation  of  the  restiform  body  in  a  vertical  direction  beginning  below,  opposite  and 
close  to  the  upper  end  of  the  region  just  referred  to  as  giving  bilateral  adduction,  and 
proceeding  along  the  outer  part  of  the  floor  of  the  fourth  ventricle  as  high  as  the 
centre  of  that  cavity.    (See  fig.  9.) 

Whether  the  adduction  of  the  vocal  cord  of  the  same  side  obtained  by  excitation 
in  the  line  thus  drawn  is  due  to  excitation  of  the  nucleus  reserved  for  the  movements 
of  the  vocal  cord  of  the  same  side,  or  whether  it  is  rather  excitation  of  those  fibres 
which  run  through  the  substance  of  the  medulla,  to  appear  at  once  as  the  roots  of-the 
vago-accessory  nerves,  remains  doubtful,  though  we  are  naturally  more  inclined 
towards  the  latter  view.  However,  we  do  not  consider  that  any  positive  opinion  can 
at  present  be  expressed  upon  this  point. 

Abduction. — It  has  been  mentioned  above  that  the  movement  of  abduction  is 
obtained  over  the  situation  of  the  upper  two-thirds  of  the  ala  cinerea  and  also  from 
about  the  origin  of  the  eighth  nerve.  This  latter  area  is  evidently  more  important 
and  extends  upwards  to  close  to  the  debouchment  of  the  acpaeduct  of  Sylvius.  (See 
fig.  9.)  Further,  this  movement  of  abduction  is  persistent,  and  is  better  marked  a  short 
distance,  about  2  mm.  from  the  middle  line,  than  in  the  middle  line  itself.  We  have 
never  observed  unilateral  abduction  similar  to  the  unilateral  adduction  before 
mentioned. 

It  may  be  that  fibres  exist  in  the  tegmentum  or  crusta  which  directly  connect  together 
the  cortical  and  bulbar  mechanisms  now  described,  and  that,  as  before  suggested,  the 
observations  which  would  point  to  respiratory  mechanisms  existing  in  the  basal  parts 
of  the  cerebral  hemisphere  and  in  the  mesencephalon  have  been  the  results  of  stimula- 
tion of  such  fibres  by  those  looking  for  respiratory  centres  in  these  positions. 

Before  we  had  recognised  completely  the  degree  to  which  the  etherisation  must  be 
carried  we  obtained  some  results  upon  the  larynx  when  the  dorsal  surface  of  the 
spinal  cord,  i.e.,  below  the  calamus  scriptorius,  was  stimulated,  but  we  saw  from  the 
first  that  the  results  obtained  here  were  probably  those  of  a  reflex  nature,  and  further 
investigation  has  confirmed  this  opinion.  For  the  effects  were  only  produced  in  their 
entirety  as  the  excitation  approached  successively  the  posterior  roots,  and  diminished 
as  the  electrodes  were  moved,  to  intermediate  parts  of  the  spinal  cord.  Further,  the 
effects  were  far  more  in  the  nature  of  acceleration  of  thoracic  respiration  than  primary 
changes  in  the  movements  of  the  larynx. 

We  never  observed  any  after  effects,  e.g.,  clonus,  &c,  upon  cessation  of  the  stimula- 
tion of  the  medulla  oblongata. 

Influence  of  Age. 

Those  acquainted  with  the  history  of  previous  research  on  the  subject  of  the 
innervation  of  the  larynx  know  well  that,  from  the  first,  experimental  investigation 
has  shown  that  there  exists,  according  to  the  age,  a  great  difference  in  the  same 
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species  of  animal  in  the  representation  in  the  nervous  system  of  respiration  and 
phonation  respectively. 

The  need  for  efficient  respiratory  action  on  the  part  both  of  the  larynx  and  the 
thorax  is  much  greater  in  the  younger  animal  than  in  the  adult,  and  is  greater,  as 
Legallois  more  especially  has  shown,  in  the  Cat  and  the  Horse  than  in  any  other 
animal,  especially  more  than  in  the  Dog.  The  present  part  of  our  paper  will  be 
devoted  to  summarising  the  facts  that  we  have  observed  and  the  differences  noted 
according  to  the  age  of  the  animal,  and  we  shall  group  the  results,  as  before,  according 
to  the  species,  beginning  again  with  the  highest. 

(a.)  Monkey. — In  the  Monkey  we  have  only  incomplete  observations  owing  to  the 
difficulty  of  obtaining  many  Monkeys,  but  all  our  observations  went  to  show  tha,t 
phonatory  adduction  was  less  represented  in  the  young  animal  than  in  the  older  adult. 

(b.)  Dog. — In  the  Dog  these  differences  are  also  marked.  In  the  young  Dog  even 
with  strong  currents  we  have  frequently  only  obtained  from  the  focus  of  laryngeal 
phonatory  representation  a  high  degree  of  acceleration  of  respiration  with  marked 
diminution  of  abduction,  but  no  complete  adduction  ;  in  fact  in  the  cortex  of  such  an 
animal,  while  respiration  is  most  efficiently  represented,  phonation  is  only  imperfectly 
evolved. 

(c.)  Cat. — In  the  Cat,  again,  the  same  thing  prevails  in  its  entirety,  with  the 
additional  point,  viz.,  that  this  want  of  differentiation  in  the  laryngeal  movements 
was  not  confined  to  the  larynx,  but  also  prevailed  in  the  centres  for  the  movements  of 
the  limbs. 

It  is  in  accordance  with  points  noticed  by  one  of  us  (V.  H.)  in  the  representation 
of  the  limb-muscles  in  the  cortex  of  the  Monkey  that  a  wider  extent  of  cortex 
provides  for  a  higher  evolution  or  development  of  the  motor  representation,  and 
probably  the  differences  we  have  just  been  describing  as  produced  by  age  are  due  to 
the  greater  or  less  provision  of  cortical  material  for  subserving  the  particular  function 
represented. 

Conclusions. 

The  conclusions  which  we  feel  may  legitimately  be  drawn  from  the  foregoing 
experiments— and  which,  we  may  be  permitted  to  add,  are  based  not  only  upon  the 
results  of  the  work  just  described,  but  also  upon  much  which  we  have  not  alluded  to, 
and  which  will  be  described  in  subsequent  communications— may  best  be  put  forward 
upon  the  plan  according  to  which  we  believe  the  central  innervation  of  the  laryngeal 
movements  is  arranged. 

In  consequence  of  the  laryngeal  muscles  serving,  as  particularly  insisted  upon  by 
one  of  us  (F.S.),  in  this  connection,  two  distinct  functions  (1)  phonation,  (2)  respi- 
ration, and  in  consequence  of  these  two  functions  being,  one  connected  with  so-called 
purposive  or  volitionary  acts,  the  other,  on  the  contrary,  related  to  those  functions 
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which  are  commonly  spoken  of  as  belonging  to  organic  life,  it  is  easy  to  understand 
that  our  results  bring  us  to  the  conclusion  that  the  phonatory  movements  of  the 
laryngeal  muscles,  i.e.,  adduction,  &c,  are  represented  principally  in  the  cortex, 
whereas  the  respiratory  movements,  i.e.,  abduction,  chiefly  in  inspiration,  adduction 
less  commonly  and  imperfectly  in  expiration,  usually  find  their  origin  in  impulses 
emanating  from  the  bulb. 

We  have  seen  that  the  first  of  these  functions,  phonatory  adduction,  is  represented 
most  completely  in  the  cortex  the  higher  we  ascend  in  the  animal  scale,  and  the  more 
completely  as  the  cortex  is  developed  in  the  life  of  the  individual,  i.e.,  by  age,  while 
pari  passu,  the  function  of  respiration,  although  present  in  a  minor  degree,  as 
evidenced  by  acceleration,  is  least  represented  where  phonation  is  most  completely 
developed.  In  further  detail,  adductory  phonation  is  centred  in  the  Monkey  at  the 
junction  of  the  foot  of  the  ascending  frontal  gyrus,  and  the  base  of  the  third  frontal 
gyrus,  in  the  Carnivora  at  the  junction  of  the  prsecrucial,  or  prefrontal  gyrus,  with 
the  anterior  composite  and  coronal  gyri.  Respiration  is  represented  in  the  higher 
animals  only  as  acceleration,  and  that  above  and  rather  in  front  of  the  focus  of 
phonation. 

In  the  Cat  only  have  we  found  a  deliberate  representation  of  abduction  in  the 
cortex. 

Turning  now  to  the  lowest  part  of  the  central  apparatus,  the  bulb,  we  see  that 
there  is  therein  situated  a  small  but  concentrated  focus  on  each  side  of  the  middle 
line  for  bilateral  closure  of  the  glottis,  and  outside  that  a  small  area,  excitation  of 
which  produces  unilateral  adduction  of  the  vocal  cord  on  the  same  side.  Above  this 
region  of  adduction  there  is  also  a  representation  of  abduction,  i.e.,  inspiration.  . 

Finally  we  have  found  that,  connecting  the  cortical  apparatus  with  the  bulbar 
apparatus,  there  exist  numerous  connecting  fibres  which  can  be  analysed  as  they  pass 
down  from  the  cortex  through  the  corona  radiata  and  internal  capsule  towards  the 
bulb ;  that,  as  far  as  they  are  concerned  they  simply  subserve  the  functions  which  are 
proved  to  exist  in  the  cortex  ;  that  the  anatomico-functional  arrangement  of  these 
fibres  in  the  capsule  enumerated  from  before  backwards  is  : — acceleration  of  respiration, 
abduction,  intensification,  adduction  ;  and  that  their  respective  positions  in  the  capsule 
are  constant  and  strictly  homologous  in  the  different  species  of  animals,  according  to 
the  development  of  the  cerebral  hemispheres  in  the  particular  cases  observed. 

These  results  are  in  complete  concord  with  the  ideas  concerning  the  whole  central 
nervous  mechanism  which  innervates  the  larynx,  ideas  which  were  put  forward  by 
one  of  us  (F.S.)  at  the  International  Congress  at  Copenhagen  in  1884.  We  are 
enabled  to  state  this  the  more  positively  for  the  reason  that  we  have  in  our  hands 
the  notes  of  a  large  number  of  ablation  experiments  which,  by  their  control  of  exci- 
tation effects,  prove  to  demonstration  the  correctness  of  the  views  and  opinions  we 
have  enunciated. 
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Description  of  Plates. 


PLATE  81. 

Fig.  1.  Photograph  of  right  hemisphere  of  a  Macacque's  brain,  Macacus  sinicus. 

The  total  or  absolute  representation  of  the  larynx  is  indicated  by  dotting, 
the  depth  of  the  same  showing  the  degree  of  representation. 
R.  Fissure  of  Bolando. 
Pc.  Prsecentral  sulcus. 

F.  Focus  of  highest  development  of  laryngeal  representation,  i.e.,  pure 

intrinsic  movement  of  adduction. 
v.  The  small  secondary  sulcus  indicated  by  that  letter. 
Sy.  Fissure  of  Sylvius. 

PLATE  32. 

Fig.  2.  Three-quarters  view  of  Cat's  brain,  half  natural  size, 
as.  Crucial  sulcus. 
d.  Krause's  centre  of  adduction. 
d'.  Centre  of  adduction  also  noted  by  the  authors. 
b.  Focus  of  abduction. 
Fig.  3.  Base  of  Cat's  brain,  half  natural  size 

Fig.  4.  Side  view  of  Cat's  brain,  natural  size         >  Lettering  as  above,  fig.  2. 
Fig.  5.  ,,  ,,  half  natural  size 

Fig.  6.  View  of  Cat's  brain  from  above.     The  right  hemisphere  has  been  sliced 
horizontally,  as  described  in  the  text,  to  show  the  internal  capsule. 
olf.  Olfactory  lobe. 
p.f.  Prefrontal  fibres. 
Ca.  Caudate  nucleus. 

g.  Genu. 
o.th.  Optic  thalamus. 
n.l.  Lenticular  nucleus  (putamen). 
F.S.  Fissure  of  Sylvius. 

1 .  Anterior  limit  of  fibres  excitation  of  which  produces  acceleration  of 

respiration. 

2.  Posterior  limit  of  fibres  representing  acceleration  and  abduction 

and  commencement  of  representation  of  adduction. 

3.  Centre  of  anterior  limb  marking  commencement  of  representation 

of  abduction. 
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Fig.  7.  Horizontal  section  of  the  right  hemisphere  of  the  Dog.    Lettering  as  in  fig.  6. 
Fig.  8.  View  of  the  bulb  of  a  Cat,  the  cerebellum  being  split  and  drawn  aside. 
C.q.  Corpus  quadrigeininum. 

i  b.p.  Posterior  ditto  and  superior  cerebellar  peduncle. 
/•.  Restiform  body. 
a.c.  Ala  cinerea. 
c.s.  Calamus  scriptorius. 
Fig.  '.».  View  of  the  bulb  of  a  Dog,  the  cerebellum  having  been  split  and  the  right  half 
removed. 

aq.  Aqueduct  of  Sylvius. 
i.v.p.  Inferior  vermiform  process. 
a.c.,  c.s.  As  above. 

The  close  oblique  markings  at  the  calamus  and  extending  outwards 
indicate  the  focus  of  bilateral  adduction.. 

The  vertical  lines  indicate  the  representation  of  bilateral  abduction. 

The  horizontal  marks  on  the  outer  side  indicate  the  area  of  unilateral 
adduction. 

The  dotted  area  indicates  the  representation  of  incomplete  adduction. 


All  are  photogx-aphs  of  the  parts  in  the  recent  state. 
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